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ABSTRACT
R esearch  alined a t  p re v e n tin g  w oodpecker damage to  wooden 
u t i l i t y  p o le s  was conducted  in  L o u is ia n a  and Texas o v e r a 7 -y e a r  
p e r io d .
W oodpecker damage to  wooden p o le s  o c c u rs  in  most o f  th e  so u th ­
w e s te rn ,  s o u th e rn , s o u th e a s te r n ,  and n o r th e a s te r n  s t a t e s ;  th e  P i le a te d  
(V tiyocopoA  p iZocu tuA ) ,  R ed-headed (M eZaneApeA eA yZhA oocphaZuA ) , 
L ad d er-b ack ed  (Vo.ndJWC.opoA AO.ClZclHaA') , and G o ld e n -fro n ted  Woodpeckers 
(CcntllfUL6 cluaZ^JWYIA) a re  th e  s p e c ie s  m ost commonly cau s in g  damage.
T h e ir  work c o n s i s t s  o f  th r e e  main ty p e s :  check  en largem en ts  due
p o s s ib ly  to  fo o d -se a rc h in g  a c t i v i t i e s ,  t e s t  p ro b es  w ith  no known 
fu n c t io n  b u t  seem ingly  e x p lo r a to r y ,  and e x c a v a tio n  o f  la rg e  c a v i t i e s  
f o r  r o o s t in g  and n e s t i n g .  These c a v i t i e s  som etim es a r e  18 to  24 in c h es  
deep w ith  o n ly  a  s h e l l  o f  th e  p o le  re m a in in g . The c u r re n t  p re v e n t iv e ,  
h a rdw are  c lo th  w rapped from  th e  top  to  w i th in  10 to  12 f e e t  o f  th e  
g ro u n d , i s  e x p e n s iv e , and i t s  use  n e g a te s  th e  in s u la t in g  p r o p e r t i e s  
o f  th e  wood p o le s .
A v iary  t e s t s  w ere o f  l i t t l e  v a lu e  b u t  s e v e r a l  c o n c lu s io n s  were 
d e r iv e d  from  f i e l d  e x p e r im e n ts . B ird s  a r e  i n i t i a l l y  a t t r a c t e d  to  r in g  
sh ak es  i n  c re o so te d  p o le s  b u t  p o le s  w ith o u t sh ak es  w ere damaged a l s o , 
a lth o u g h  l e s s  e x te n s iv e ly .  S e p a ra tio n s  betw een  th e  growth r in g s  a re  
p ro b a b ly  induced  by th e  t r e a t i n g  p ro c e s s .  N a tu ra l  h a rd n ess  in  
c re o s o te d  s o u th e rn  p in e  fen ce  p o s ts  was n o t  s u f f i c i e n t  to  d e te r  a t ta c k
xi
by L ad d er-b ack ed  and G o ld en -fro n ted  W oodpeckers. C oated fe n c e  p o s ts  
and n o n co a ted  c o n tr o ls  d id  n o t have s u f f i c i e n t  damage to  e v a lu a te  th e  
c o a t in g s .  However, one o f  th e  same c o a tin g s  ( s m a ll  ro c k s  embedded i n  
an epoxy) was co m p le te ly  e f f e c t iv e  on la m in a te d  p o le  s e c t io n s ,  and a  
p r o p r ie t a r y  w rap 'w as e q u a lly  e f f e c t i v e  on ro u n d  p o le s .  S e c tio n s  o f  
c re o s o te d  w h ite  p in e  (Ptnui A&tobuA  L .)  b o l t e d  to  p o le s  a t  s t r a t e g i c  
h e ig h ts  f o r  decoys w ere r e a d i ly  a t ta c k e d  by  w o o d p eck ers , b u t  th e  p o le s  
w ere a ls o  damaged. C hem icals seem to  o f f e r  l i t t l e  p ro m ise  as d e t e r r e n t s .
W oodpecker damage to  p o le s  can  be r e p a i r e d ,  b u t tax less p r o te c t iv e  
m easures a r e  ta k e n , new damage o c c u rs . L eav in g  e x i s t in g  c a v i t i e s  f o r  
b i r d s  to  u se  does n o t  p re v e n t new damage.
The s i z e  o f  p o le ,  s e v e r i ty  o f  damage, and d is ta n c e  from  ground 
l i n e  to  damaged p o r t io n  o f th e  p o le  a re  m e asu ra b le  v a r i a b le s  a f f e c t in g  
p o le  s t r e n g th .  S p e c if ic  g r a v i ty ,  p re s e n c e  o f k n o ts ,  m ethod o f  
c o n d i t io n in g ,  s t r e s s  c o n c e n tra t io n s  a t  p o in t s  o f  damage, and n a tu r a l  
v a r i a t i o n  i n  wood a re  some o f th e  f a c to r s  c o m p lic a tin g  a  model d e r iv e d  
to  p r e d i c t  th e  amount o f  s t r e n g th  r e t a in e d  i n  damaged p o le s  as d e te rm in ed  
by  c a lc u la t io n s  o f r e d u c tio n s  o f  moments o f  i n e r t i a .
Decay does n o t seem to  be a s s o c ia te d  w ith  w oodpecker c a v i t i e s ,  
a lth o u g h  c o n s id e ra b le  r a i n f a l l  e n te r s  th e  c a v i t i e s .
H ardw are c lo th  p ro v id e s  good p r o t e c t io n  and i t s  d u r a b i l i t y  i s  
p ro v en . I t  w i l l  p ro b ab ly  c o n tin u e  to  be  u sed  w here p re v e n tiv e  m easures 
a re  deemed a p p r o p r ia te .
WOODPECKER DAMAGE TO WOODEN UTILITY POLES
INTRODUCTION
Wood p o le s  a re  Im p o rtan t to  the  f o r e s t  in d u s try  becau se  th ey  b r in g  
a good econom ic r e tu r n  and b ecau se  th ey  p rov ide  a m arket f o r  th in n in g s  
b e fo re  s ta n d s  a t t a i n  saw log s i z e .  The rem oval o f  some p o le - s i z e  tim b er 
a c c e l e r a t e s  th e  growth o f  th e  rem a in in g  t r e e s  w h ile  p ro v id in g  th e  f o r ­
e s t e r  w ith  an  income p r io r  to  th e  end o f  r o t a t i o n .  A lso , th e r e  i s  no 
f u r th e r  ex p en se  o f co n v e rs io n  in to  secondary  p ro d u c ts . The p e e le d , 
ro u n d , ta p e re d  p o le  i s  id e a l  fo r  use i n  the  com m unication and e l e c t r i c  
u t i l i t y  in d u s t r y  because i t  i s  s tro n g  and i s  a poor co n d u c to r o f  e l e c ­
t r i c i t y .  Wooden p o le s  a re  a l s o  c h eap e r th an  c o n c re te  o r  s t e e l  s u b s t i ­
t u t e s .
There a r e  ap p ro x im a te ly  125 m i l l i o n  u t i l i t y  pole3 in  s e r v ic e  in  
th e  U n ited  S t a t e s .  Every y e a r betw een 2 and 3 m il l io n  a re  added . G i l l  
and P h e lp s  (1971) re p o r te d  t h a t  ab o u t 50 p e rc e n t o f  th e  5 .3  m i l l io n  
p o le s  t r e a t e d  i n  1970 w ere u t i l i t y  p o le s  and 20 p e rc e n t w ere c o n s t r u c t io n  
p o le s ;  th e  rem ain in g  30 p e rc e n t w ere n o t  s p e c i f ie d  as  to  u s e . They a ls o  
s t a t e d  t h a t  n e a r ly  93 p e rc e n t o f  th e  p o le s  were p r e s s u r e - t r e a te d .  F o r­
ty -o n e  p e rc e n t  o f  a l l  p o le s  w ere t r e a t e d  w ith  c re o so te  and c re o s o te  
s o lu t io n s ,  and 48 p e rc e n t w ith  p e tro le u m -p e n ta c h lo ro p h e n o l. The rem a in ­
d e r  w ere  p ro c e ssed  p r im a r i ly  w ith  s a l t s  t re a tm e n ts ,  many o f  w hich in "  
v o lv e  p a te n te d  p ro c e s s e s . T h re e - fo u r th s  o f  a l l  p o le s  w ere t r e a te d  in  
th e  s o u th - c e n t r a l  and s o u th e a s te r n  s t a t e s .  N a tio n a l ly , 88 p e rc e n t  o f  
a l l  p r e s s u r e - t r e a te d  p o le s  w ere so u th e rn  p in e .
P o le s  a re  n o t g raded  a s  i s  lum ber, b u t in  re g a rd s  to  d e f e c ts  th ey  
must conform to  c e r t a i n  s ta n d a rd s  u s u a l ly  a p p lie d  a t  tim e o f  h a r v e s t .
P o le s  a re  p laced  in  c e r t a i n  c l a s s e s  on th e  b a s i s  o f  f i b e r  s t r e s s  o f  
8 ,000  p . s . i .  and c e r t a i n  minimum c irc u m fe re n c e s  a t  th e  top  and 6 f e e t  
from th e  b u t t .  Depending on th e  c l a s s ,  p o le s  m ust be a b le  to  v /ith s ta n d  
a g iven  lo ad  a p p lie d  l a t e r a l l y  a t  th e  to p . For in s ta n c e ,  a  4 5 -fo o t 
c la s s  5 so u th e rn  p in e  po le  h a s  minimum c irc u m fe re n c e s  o f  19 in c h e s  a t  the  
to p  and 32 .5  in ch es  a t  6 f e e t  from  th e  b u t t ;  a l a t e r a l  lo ad  o f  1 ,900  
pounds i s  co n s id e red  th e  b re a k in g  lo ad  (Am erican S ta n d a rd s  A ss o c ia tio n  
1963). P o le s  a re  c a te g o r iz e d  a s  t ra n s m is s io n  o r d i s t r i b u t i o n  m ain ly  on 
th e  b a s is  o f  t h e i r  u s e . However, t r a n s m is s io n  p o le s  a re  g e n e r a l ly  from 
th e  la r g e r  s iz e s .
The s u p p l ie r  b u rn -b ra n d s  each  p o le  to  in fo rm  th e  u se r  o f  c e r t a i n  
p e r t in e n t  f a c t s  c o n ce rn in g  th e  p ro d u c t .  The b ran d  u s u a l ly  c o n ta in s  
th e  s u p p l i e r 's  name, p la n t  d e s ig n a t io n ,  y e a r  o f  t r e a tm e n t ,  k in d  o f  tim b e r , 
ty p e  o f p re s e rv a t iv e  u sed , p o le  c l a s s ,  and le n g th  (F ig u re  1 ) .  Many 
u t i l i t y  com panies s u b s c r ib e  to  an in s p e c t io n  s e r v ic e ,  w hich e n su re s  
t h a t  th e  p o le s  conform  to  s p e c i f i c a t i o n s .  But even  i f  a l l  s ta n d a rd s  
a re  fo llo w ed , and th e  p ro p e r  lo ad  a s s ig n e d  to  each p o le , th e  c a lc u la t io n s  
can soon be negated  by w oodpeckers rem oving a la r g e  p o r t io n  o f  th e  c r o s s -  
s e c t io n a l  a re a  o f  a p o le  soon a f t e r  i t  i s  p laced  i n  s e r v ic e .
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Figure  1 . P o le  brand ' showing s u p p l ie r  (C o lfax  C re o so tin g  Co.)»
k in d  o f  t im b e r , p r e s e r v a t iv e ,  and amount ( s o u th e rn  
p in e ,  c r e o s o te ,  8 pounds p e r cu b ic  f o o t ) ,  p la n t  
d e s ig n a t io n  and d a te  o f  tre a tm e n t ( P in e v i l l e ,  L a . ,  
November 1963), and p o le  s iz e  ( c la s s  5 , 4 0 - f o o t ) .
F ig u re  1 . P o le  brand' showing s u p p l i e r  (C olfax  C re o so tin g  Co.)> 
k in d  o f  tim b e r , p r e s e r v a t iv e ,  and amount ( s o u th e rn  
p in e , c r e o s o te ,  8 pounds p e r cub ic  f o o t ) ,  p la n t  
d e s ig n a t io n  and d a te  o f  tre a tm e n t ( P in e v i l l e ,  L a . ,  
November 1963), and p o le  s i z e  ( c la s s  5, 4 0 - f o o t ) .
Geographical Area of Damage
Woodpecker damage to  wooden p o le s  o c cu rs  th ro u g h o u t th e  H o la rc t ic  
r e g io n  (Turcek 1960). In  J a p a n , th e  U .S .A ., Sweden, and F in lan d  th e  
damage i s  so sev e re  t h a t  c o n t r o l  m easures have been  so u g h t. D ennis 
(1964) d e sc r ib e d  the  g e o g ra p h ic a l a re a  o f  damage in  th e  U nited  S ta te s  
as  b e in g  p r im a r i ly  the  e a s te r n  p a r t  o f  th e  c o u n try . He added th a t  
in c id e n c e  o f a t t a c k  may be l o c a l ,  dep en d in g  on s p e c ie s  o f b i r d  do ing  
th e  damage. G e n e ra lly , th e  G u lf South r e g io n  a p p ea rs  to  be th e  m ajor 
a re a  o f  a t ta c k .
S pec ies  o f  W oodpeckers C ausing  Damage
Of th e  179 s p e c ie s  o f  t r u e  w oodpeckers (P ic in a e )  in  th e  w orld  (Mayr 
and Amadon 195 1 ), 22 s p e c ie s  r e p r e s e n t in g  n in e  g e n e ra  o ccu r i n  N orth  
Am erica (American O r n i th o lo g is t s ' Union 1957). D ennis (1964) found 
th a t  f iv e  g en era  were m ain ly  r e s p o n s ib le  fo r  damage to  u t i l i t y  p o le s :
MzlaneJvpz&, CzwtuAuA, VnyocopuA, Co&aptoA, and VmdswcapoA. And a lth o u g h  
some r e p r e s e n ta t iv e s  o f  th e s e  g en era  o ccu r in  th e  s o u th e rn  h em isp h ere , 
damage seems to  be r e s t r i c t e d  to  th e  n o r th e rn  h em isp h ere . Dennis 
l i s t e d  seven s p e c ie s  t h a t  damage p o le s  i n  N orth  A m erica: th e  L adder-
backed Woodpecker (Ve.ndn.OOX)po& b0.aZ.OJiU>y^' , G o ld e n -fro n ted  Woodpecker 
(C&wtu/m auJu.ln.0VU>), R ed-headed W oodpecker ( \hzJbamApU eAythJwc.e.phcLtuA) , 
Acorn Woodpecker (MdZaneApeA fionmlcLVOJiUA) , P i l e a t e d  Woodpecker 
(Vnyocjopuu p l t z a t a i ) ,  and Red- and Y e llo w -s h a f te d  F l ic k e r s  (CoZaptQA Oja&QJl 
and C. ajJJm tuA ) . P i l e a te d  and R ed-headed W oodpeckers cause  a lm o st a l l  
th e  damage in  th e  s o u th e rn , s o u th e a s te r n ,  and e a s te r n  s t a t e s .
~  N om enclature from  A.O.U. C h e c k - l i s t  o f N orth  Am erican B ird s , 1957.
Red-headed W oodpeckers damage no t o n ly  th e  sm a ll d i s t r i b u t i o n  p o le s  
b u t a ls o  p o le s  o f  the  la r g e  tra n s m is s io n  s i z e s .  P i l e a t e d s ,  b ecau se  th ey  
a re  so  much l a r g e r ,  a re  a b le  to  use  o n ly  th e  tra n s m is s io n  p o le s  f o r  r o o s t  
and n e s t  c a v i t i e s .  P i le a te d s  p r e f e r  t o  e x c a v a te  t h a t  p o r t io n  o f  th e  p o le  
from  about midway up to  th e  top  q u a r t e r ,  w h ile  R ed-heads use th e  u p p e r­
m ost p o r t io n s . However, th e re  a r e  many in s ta n c e s  w here P i l e a te d s  s t a r t  
a c a v i ty  about h a l f  way up a p o le  and f o r  some re a so n  do n o t com plete 
i t ;  Red-heads r e a d i ly  move in  an d  com plete  th e  c a v i ty  a lth o u g h  i t  i s  
n o t a t  th e  h e ig h t  no rm ally  s e le c te d .  O c c a s io n a l ly  P i l e a te d s  and Red­
h eads w i l l  n e s t  i n  th e  same p o le ,  but n e i t h e r  s p e c ie s  w i l l  t o l e r a t e  
a n o th e r  p a i r  o f  i t s  own k in d  t h a t  c lo s e .
The two s p e c ie s  o f th e  S ou thw est, th e  L ad der-backed  and G olden- 
f r o n te d ,  n o t o n ly  damage p o le s  b u t  a l s o  e x c a v a te  c a v i t i e s  in  fen ce  
p o s ts  and crossarm s (F ig u re  2 ) .  C a v i t ie s  i n  c ro ssa rm s a re  n e a r  th e  
end , always on th e  bo ttom , and ex tend  b a c k  tow ard th e  p o le  (D ennis 
196 7 ). These c a v i t i e s  c au se  some arms to  f a i l  a t  th e  e x c a v a tio n  s i t e .
Damage by th e  Acorn Woodpecker an d  by f l i c k e r s  i s  m inim al compared 
to  th a t  p re v io u s ly  m entioned f o r  o th e r  s p e c ie s  and w i l l  n o t be 
d isc u sse d  in  t h i s  paper.
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F ig u re  2 . N est c a v i ty  ex cav a ted  in  fen ce  p o s t by L adder-backed
W oodpecker. (Laguna A ta sco sa  N a tio n a l W ild l i f e  R efuge, 
Cameron C ounty, T exas, 19 7 0 .)
Kinds of Damage
There a re  e s s e n t i a l l y  th r e e  ty p e s  o f  woodpecker damage, s e p a ra b le  
by k in d  o f  e x c a v a tio n  and f u n c t io n .  The l e a s t  k in d  o f  damage i s  th e  
en la rg em en t o f  ch eck s, supp o sed ly  a  fo o d -s e a rc h in g  a c t i v i t y  s in c e  many 
in s e c t s  can be found in  th e se  c r e v ic e s .  C h eck 'en la rg em en ts  u s u a l ly  a re  
l e s s  th a n  an inch  deep b u t may ex ten d  f o r  s e v e r a l  in c h e s  a lo n g  a  ch eck .
Of more concern  to  u t i l i t y  com panies a r e  th e  num erous h o le s  t h a t  
ex ten d  inw ard s e v e ra l  in c h es  tow ard th e  c o re  o f  th e  p o le  b u t  w ith  no
i
upward o r  downward e x c a v a tio n . These h o le s  a r e  seem ing ly  f u n c t io n le s s ,  
a lm o s t a s  i f  th e  b i r d s  a re  t e s t i n g  o r e x p lo r in g  th e  p o le  p r i o r  to  f u r th e r  
e x c a v a tin g . Such t e s t  p ro b es  when e x ca v a ted  by R ed-heads a re  somewhat 
s p h e r ic a l  (F ig u re  3 ) ,  w h ile  th o se  e x ca v a ted  by P i l e a te d s  a re  more 
a n g u la r  (F ig u re  4 ) .  In  e i t h e r  c a s e , th e  o p en in g s  a r e  3 to  4 in c h e s  in  
d ia m e te r  and ex tend  inw ard f o r  v a r io u s  d i s t a n c e s .  S ince  th e  p re s e rv a ­
t i v e  i s  c o n c e n tra te d  in  th e  o u te r  p o r t io n  o f  a  p o le ,  th e s e  h o le s  f r e ­
q u e n tly  p e n e tr a te  in to  r e l a t i v e l y  u n tr e a te d  wood. O ften  th e r e  a re  
s e v e ra l  h o le s  o f t h i s  type  i n  a p o le .  I f  th e y  w ere ex cav a ted  d u r in g  
th e  p e r io d  when th e  b i r d s  w ere coming in to  b re e d in g  c o n d i t io n ,  th e  
h o le s  m igh t seem to  be th e  r e s u l t  o f  in c o m p le te , o r  a b o r t iv e  n e s t in g  
a t te m p ts - - a  t r a i t  found in  some s p e c ie s  o f  b i r d s .  However, t e s t  p robes 
a r e  made th ro u g h o u t the  y e a r .
Of m ost co ncern  a re  th e  la rg e  c a v i t i e s  e x ca v a ted  f o r  ro o 3 t o r  n e s t  
s i t e s  (F ig u re  5 ) . Openings to  th e s e  a r e  o v a l ,  3 to  5 in c h e s  in  
d ia m e te r , and ex ten d  w e ll p a s t  th e  co re  o f  th e  p o le .  O ften  o n ly  an 
o u te r  s h e l l  o f  wood 1 to  2 in c h e s  th ic k  re m a in s . C a v i t ie s  alw ays ex tend  
downward from th e  e n tra n c e  h o le ,  t h a t  i s ,  th e  opening  i s  a t  th e  top o f
F ig u re  3 . Test, p ro b es  by Red-headed W oodpeckers a re  u s u a lly
s p h e r ic a l  and ex ten d  Inward o n ly , n o t downward. Some 
p o le s  have s e v e ra l  such p ro b e s . (S a lin e  W ild l i f e  
Management A rea , L a S a lle  P a r i s h ,  L o u is ia n a , 1 9 6 7 .)
F ig u re  4 . T est p ro b es  by P i le a te d s  ex tend  inw ard o n ly , a re  
a n g u la r  in  shape , and a re  o f te n  i n  b u r s t  c h eck s . 
(S a liu e  W ild l i f e  Management A rea, L a S a lle  P a r is h ,  
L o u is ia n a , 1966 .)
F ig u re  5 . S e c tio n  o f  p o le  showing n e s t  c a v i ty  o f  P i l e a te d  
W oodpecker. (S c a le  i s  in  in c h e s . )
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th e  c a v i ty .  When com ple ted , th e s e  e x c a v a tio n s  a r e  a  fo o t  o r more in  
d e p th , and when used in  su cc e ed in g  y e a r s ,  which i s  n o t  uncommon, they 
may be as  much a s  2 f e e t  d eep .
Reasons f o r  A tta ck
Why w oodpeckers choose p o le s  in s te a d  o f  t r e e s  f o r  t h e i r  a c t i v i t y  
i s  n o t f u l l y  u n d e rs to o d . Many o f  th e  re a so n s  ad v o ca ted  have been 
d isc o u n te d  w ith  a d is c o u r s e  on why th ey  a re  n o t a c c e p ta b le  r a th e r  than  
why th e y  a r e . Turcek (1960) was one o f  th e  f i r s t  to  summarize the  
th e o r i e s  up to  t h a t  tim e . He d is c o u n te d  th e  id e a  t h a t  th e  a c t i v i t y  was 
due to  a  s h o r ta g e  o f s u i t a b l e  t r e e s  f o r  r o o s t in g  and n e s t in g  as 
su g g es te d  by some r e s e a r c h e r s .  And as  f o r  th e  h y p o th e s is  advocated  
by N akajim a and Shim izu (1956) t h a t  w oodpeckers peck  th e  p o le s  to  
p re v e n t  abnorm al growth o f  t h e i r  b i l l s ,  Turcek s t a t e d  i t  was " b io lo ­
g i c a l l y  q u i te  u n te n a b le ."  A f te r  d is c o u n t in g  th e s e  c o n s id e ra t io n s ,  
a lo n g  w ith  th e  su g g e s tio n  th a t  th e  a c o u s t i c a l  s t im u lu s  o f  buzzing  o r 
humming in  p o le s  a c t s  a s  an a t t r a c t a n t ,  Turcek concluded  th a t  th e  damage 
to  p o le s  in  C zech o slo v ak ia  was r e l a t e d  to  th e  p r e p a r a t io n  o f w in te r  
r o o s t in g  h o le s .  However, h is  re a s o n in g  fo llo w s  a fu n c t io n a l  r a th e r  
th a n  a c a u s a l  app roach .
D ennis (1964) examined f iv e  b ro ad  h e ad in g s  a s  re a so n s  fo r  a t ta c k :
(1 ) re so n an ce  o f  th e  p o le s ,  w hich would p ro v id e  an  a c o u s t ic a l  s t im u la ­
t i o n ;  (2 ) changes in  h a b i t a t ,  r e s u l t i n g  in  an  in c re a s e  in  woodpecker 
d e n s i ty ;  (3 ) t e r r i t o r i a l  b e h a v io r ,  r e s u l t i n g  i n  c o m p e titio n  f o r  new 
p o le s  p la c e d  w ith in  th e  b i r d s '  dom ain; (4 ) i n t e r n a l  v o id s  o r  outward 
a p p ea ra n ce s  o f  p o le s ,  which cau se  b i r d s  to  b e l ie v e  th e  p o le s  were
d ecay in g  t r e e s ;  and (5) food s e a rc h in g . D e n n is ' c o n c lu s io n  was th a t  
a u t i l i t y  p o le  may be s e le c te d  r a th e r  th a n  a  dead t r e e  f o r  a v a r i e ty  
o f  re a s o n s ;  nam ely, th e  p o l e 's  s t r a t e g i c  lo c a t io n  in  th e  c le a re d  
r ig h t-o f -w a y  makes i t  advan tageous in  t e r r i t o r i a l  and c o u r ts h ip  
b e h a v io r ;  th e  p o le  i s  th e  r i g h t  h e ig h t  and d im ension  to  be a t t r a c t i v e  
to  th e  b i r d  a s  a s i t e  f o r  r o o s t  o r n e s t  c a v i t i e s ;  and f i n a l l y ,  b u t n o t 
to  be em phasized , a sh o rta g e  o f  s u i t a b l e  n a tu r a l  s i t e s .  W hatever th e  
re a so n s  f o r  a t t a c k ,  th e  f a c t  rem ains t h a t  u t i l i t y  com panies have found 
w oodpeckers to  be a  s e r io u s  economic p rob lem  f o r  th e  l a s t  25 o r  30 y e a r s .
F in a n c ia l  A spects  o f  W oodpecker Damage
An e s t im a te  o f  th e  annual c o s t  o f  w oodpecker damage by com petent 
a p p r a is e r s  i s  n o t a v a i l a b le ,  b u t i t  i s  e a s i l y  in  th e  m i l l io n s  o f 
d o l l a r s ,  e s p e c ia l l y  when ex p en siv e  p re v e n t iv e  m easures a r e  in c lu d e d , 
t y p ic a l  p r ic e s  fo r  p o le s  in  c e n t r a l  L o u is ia n a  a t  th e  jo b  s i t e  a re  shown 
in  T able 1 . W hile th e re  a re  v a r i a t i o n s  th ro u g h o u t th e  c o u n try , th e  
t a b le  can be used a s  a g u id e . To th e  p r i c e  o f  a  p o le  can be added th e  
expense o f  s e t t i n g  ($30 to  $50) and th e  c o s t  o f  w rapping  ($30 to  $50) 
th e  p o le  w ith  hardw are c lo th ,  which i s  th e  c u r r e n t  p re v e n t iv e  m easure 
used (F ig u re  6 ) .  I f  a tra n s m is s io n  l i n e  w ith  5 5 - fo o t  c l a s s  2 p o le s  i s  
used in  th e  e s t im a te ,  each p o le  in  th e  ground w ith  no a tta c h m e n ts  
r e p r e s e n ts  an  in v estm en t o f  ap p ro x im a te ly  $185 to  $210. T ran sm issio n  
l in e s  a r e  f r e q u e n t ly  o f  th e  H-fram e ty p e  w here two p o le s  a re  s e t  a t  
each sp an —and th e re  may be e ig h t  to  10 sp an s  p e r  m ile .  A t o t a l  o f  
$4,000 i s  e s tim a te d  th en  as th e  c o s t  o f  p o le s  p e r  m ile ,  w ith  $600 to
T ab le  1 . C ost o f c re o s o te d  so u th e rn  p in e  p o le s ,  August 1971-
__________________________ C lass_______________________
L ength  1_________2__________ 3_________ 4_________5_________ 6
F ee t ------------------------------------- D o l la r s --------------------------------
30 3 0 .7 0 25.20 23 .60 20 .70
35 4 1 .9 0 37.70 33 .90 27 .30
40 5 3 .7 0 47 .60 41 .80 35 .80
45 89 .50 71 .40 6 4 .2 0 5 6 .40 49 .60 4 4 .7 0
50 100.40 87 .80 76 .10 67 .50 5 9 .0 0
55 121.00 107.10 9 6 .3 0 81 .00
60 145.20 134.70 115 .60 100 .70
65 186.50 161.90 142 .70 118 .00
70 220.00 189.90 170 .90
75 260.10 222.20
—̂ Minimum c o s t  a t  jo b  s i t e ;  10 pounds o f  p r e s e r v a t iv e  p e r  
c u b ic  f o o t .
F ig u re  6 . E ig h t s t r i p s  o f  19 gauge, 2 x 2  hardw are c lo th  w ere
used to  wrap t h i s  p o le . A lthough P i le a te d  W oodpeckers 
have to rn  th ro u g h , hardw are c lo th  o f f e r s  th e  b e s t  
p r a c t i c a l  p r o te c t io n  a v a i l a b le .  (S a lin e  W ild l i f e  
Management A rea, L aS a lle  P a r is h ,  L o u is ia n a , 1970 .)
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$1 ,000 p e r  m ile  a t t r i b u t a b l e  to  w oodpecker damage p re v e n tio n . The 
c o s t  o f  ch an g in g -o u t a damaged p o le  can  e a s i l y  be s e v e ra l  tim es the  
i n i t i a l  c o s t  b ecause  o f  la b o r  and i n a c c e s s i b i l i t y  o f  many t ra n s m is s io n  
l i n e s .
D ennis (1964) r e f e r r e d  to  co rre sp o n d e n c e  w ith  a p r iv a te  u t i l i t y  
company th a t  re p o r te d  a s in g le  y e a r 's  expense  o f  $191,000 a t t r i b u t a b l e  
to  w oodpeckers. I  have made r e c e n t  c a l c u l a t i o n s  f o r  th e  10 G ulf South 
com panies su p p o rtin g  re s e a rc h  a t  th e  S o u th e rn  F o r e s t  E xperim ent S ta t io n  
by u s in g  one com pany's f ig u r e s  and p r o r a t in g  them on th e  m ile s  o f 
t r a n s m is s io n  l in e s  f o r  th e  o th e r s .  I f  one assum es th a t  th e  com panies 
a r e  com parable as  to  th e  amount o f  w oodpecker damage on t h e i r  l i n e s ,  
and re p la c e m e n t, r e p a i r  and m ain ten an ce  c o s ts  a r e  ab o u t e q u a l ,  th en  a 
f ig u r e  o f  $743,242 p e r y e a r  i s  th e  c o s t  a t t r i b u t a b l e  to  w oodpeckers fo r  
th e se  10 com panies. In  th e  D ire c to ry  o f  E l e c t r i c  U t i l i t i e s  (1971) th e re  
a r e  244 in v esto r-o w n ed  u t i l i t i e s  and 932 r u r a l  c o o p e ra tiv e s  l i s t e d  in  
th e  U n ited  S ta te s .  I f  on ly  a  sm a ll p e rc e n ta g e  o f  th e s e  com panies have 
a woodpecker problem , i t  i s  e v id e n t  t h a t  a  t o t a l  c o s t  o f  s e v e r a l  m i l l io n  
d o l l a r s  p e r y e a r  i s  a re a so n a b le  e s t im a te  o f  damage by w oodpeckers to  
wooden u t i l i t y  p o le s .
O b je c tiv e s  o f  th e  S tudy
The p rim ary  o b je c t iv e  o f  t h i s  s tu d y  was to  develop  e f f e c t i v e  and 
econom ical means o f  p ro te c t in g  wooden u t i l i t y  p o le s  from woodpecker 
damage. T his n e c e s s i ta te d  fo rm u la tin g  s e v e r a l  o th e r  o b je c t iv e s ,  nam ely:
(1 ) to  d e f in e  th e  problem , (2 ) to  d e te rm in e  s p e c ie s  o f w oodpeckers c au s in g  
th e  damage, (3 ) to  d e te rm in e  why w oodpeckers damage p o le s ,  and (4 ) to  
e v a lu a te  how s e r io u s  woodpecker damage i s  to  p o le s .
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REVIEW OF LITERATURE
S e n n e tt (1878) a p p a re n t ly  gave th e  e a r l i e s t  a cc o u n t o f  
w oodpecker damage to  wooden p o le s  when he re p o r te d  f in d in g  damage 
by L adder-backed  and G o ld e n -fro n te d  W oodpeckers to  th e  sq u a re  
governm ent te le g ra p h  p o le s  o f  th e  S o u th w est. He b e l ie v e d  th e  
numerous h o le s  (up to  10 in  one p o le )  w ere ex cav a ted  f o r  n e s t s ,  
b u t  in  a  l a t e r  p u b l ic a t io n  (S e n n e tt  1879), he s t a t e d  t h a t  th e  h o le s  
w ere made by b i r d s  s e a rc h in g  f o r  a la r g e  s p e c ie s  o f  w ood-boring  i n s e c t .  
However, p o le s  were so in e x p e n s iv e  o r  th e  damage so in f r e q u e n t  t h a t  
th e re  was l i t t l e  economic co n ce rn  f o r  s e v e r a l  y e a r s .
By 19.10 th e  p roblem  had become one o f  in c re a s e d  i n t e r e s t .
McAtee (1 9 1 1 ), in  a d e ta i l e d  s tu d y  o f  t h i s  and o th e r  problem s in v o lv in g  
w oodpeckers, r e p o r te d  t h a t  th e r e  w ere s ix  s p e c ie s  o f  sm a ll w oodpeckers 
c a u s in g  damage to  p o le s .  McAtee was h o p e fu l t h a t  one o f  th e  p r e s e r v a t iv e  
t re a tm e n ts  would so lv e  th e  p rob lem , b u t  he su g g es te d  t h a t  n e s t  boxes 
m igh t re d u c e  th e  damage. T here was no m en tion  o f  damage by P i l e a t e d s .
W eiss (1911) p u b lish e d  some d a ta  on th e  freq u en cy  o f  damage and 
a l s o  on th e  r e d u c t io n  o f  s t r e n g th  caused  by w oodpeckers. In  1906 he 
checked 268 te le p h o n e  p o le s  in  L o u is ia n a  and found 110, o r  41 p e rc e n t ,  
had been  a t ta c k e d .  On two l i n e s  in  s o u th e rn  In d ia n a  he found 21 p e rc e n t 
and 41 p e rc e n t  o f  th e  p o le s  damaged. W eiss l i s t e d  some c o n t r o l  m ethods 
t h a t  had been  a tte m p te d : s h o o tin g , h an g in g  th e  b i r d s  by p la c in g  a
h o rse  h a i r  noose a t  th e  e n tra n c e  h o le ,  and p la c in g  p e b b le s  in  th e  
c a v i t i e s .
Of g r e a t e r  i n t e r e s t  i s  W eiss ' a cc o u n t o f  th e  s t r e n g th  lo s s  in  p o le s .  
He m easured th e  ta p e r  o f  250 3 0 -fo o t n o r th e rn  w h ite -c e d a r  p o le s ,  and by 
assum ing them  to  resp o n d  as c a n t i l e v e r s  when lo ad ed  a t  one end, 
c a lc u la te d  th e  amount o f  wood th a t  cou ld  be removed from  th e  p o le s  by 
w oodpeckers w ith o u t c au s in g  a s e r io u s  d e c re a se  in  s t r e n g t h .  For in s ta n c e  
a t  10 f e e t  from  th e  ground a s h e l l  o f  o n ly  2 in c h e s  was needed f o r  th e
p o le  to  be a p p ro x im a te ly  as s tro n g  as  when i t  was s o l i d .  W eiss a l s o
re p o r te d  on t e s t s  made by th e  Am erican T elephone and T e leg rap h  Company 
i n  Ohio in  1908. A ro p e  and dynamometer w ere a t ta c h e d  to  th e  to p s  o f  
p o le s  damaged by w oodpeckers, and in  n in e  c a se s  o u t  o f  12 when a  load  
was a p p l ie d  th e  p o le s  b roke  a t  th e  g ro u n d lin e  r a t h e r  th a n  a t  th e  p o in ts  
o f  w oodpecker damage. Hie l a s t  s e n te n c e  in  W eiss ' r e p o r t  u n d o u b ted ly  
in f lu e n c e d  th e  a t t i t u d e  toward w oodpeckers f o r  s e v e r a l  y e a r s .  He w ro te :
" I t  a p p e a rs , th e re fo re ,  t h a t  th e  a t t a c k  o f  p o le s  by 
th e s e  b i r d s  i s  n o t a s  s e r io u s  a s  one would be p rone  to
b e l ie v e  and , ta k in g  in to  acco u n t th e  g r e a t  good th ey  do
in  e a t in g  i n s e c t s ,  the  d e s t r u c t io n  o f  o u r f e a th e r e d  
f r i e n d s  can by no means be j u s t i f i e d  by th e  in ju r y  th ey  
do to  p o l e - l i n e  c o n s t r u c t io n ."
B eal (1 9 1 1 ), on th e  b a s is  o f  an e x am in a tio n  o f  3 ,4 5 3  stom achs, 
found t h a t  a n ts  and b e e t l e s  were th e  two m ost im p o r ta n t ite m s  in  th e  
d i e t  o f  w oodpeckers. Forbush (1913) added f u r th e r  to  th e  fa v o ra b le  
a t t i t u d e  tow ard w oodpeckers by em phasiz ing  t h e i r  r o l e  in  d e s tr o y in g  
f o r e s t  i n s e c t s .  In  1918 the  M ig ra to ry  B ird  T re a ty  A ct was p a sse d , w hich 
p la c e d  a l l  w oodpeckers in  the  U n ited  S ta te s  on th e  p r o te c te d  l i s t .
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For th e  n e x t s e v e ra l  y e a r s ,  th e r e  seems to  have been  l i t t l e  co n cern  
re g a rd in g  th e  woodpecker problem . P r io r  to  th e  m id -1 9 4 0 's  p o p u la tio n s  
o f  P i l e a t e d s ,  and p o s s ib ly  R ed-heads w ere low , p ro b a b ly  due in  la r g e  
p a r t  to  th e  d r a s t i c  tim b e r h a r v e s t in g  p r a c t i c e s  in  vogue s h o r t ly  a f t e r  
th e  tu r n  o f  th e -c e n tu r y .  H a b ita t  s u i t a b l e  f o r  w oodpeckers was l im ite d  
u n t i l  th e  second-g row th  tim b er a t t a in e d  a  s u f f i c i e n t  s i z e .  A lso , ab o u t 
t h a t  tim e u t i l i t y  com panies w ere e x te n d in g  l i n e s  i n t o  r u r a l  a re a s  where 
w oodpecker p o p u la tio n s  w ere h ig h e s t .
In  th e  1 9 5 0 's  th e re  w ere two s i g n i f i c a n t  e v e n ts  i n  th e  w oodpecker- 
u t i l i t y  p o le  problem . F i r s t ,  th e  r e s u l t s  o f  u s in g  hardw are  c lo th  
(g a lv a n iz e d  s t e e l  mesh) a s  a p o le  p r o te c ta n t  w ere p u b lish e d  (Rush 1953), 
and second , a  c o n c e r te d  r e s e a rc h  e f f o r t  was begun a t  P e n n sy lv a n ia  S ta te  
U n iv e r s i ty  to  f in d  m ethods o f p re v e n tin g  damage.
A p p a ren tly  hardw are  c lo th  was f i r s t  used  in  1948 by th e  L o u is ia n a  
Power and L ig h t Company (L a n c a s te r  1 9 6 2 ). The f i r s t  m a te r ia l  t r i e d  was 
21 gauge, 2 x 2 mesh i n  a  4 8 -in c h  w id th , t t i i s  mesh s iz e  h a s  two 
open ings p e r  in c h , w hich means t h e r e  i s  o n e -h a lf  in c h  from  th e  c e n te r  
o f  one w ire  to  th e  n e x t c e n te r .  When i t  was e v id e n t  t h a t  w oodpeckers 
cou ld  t e a r  th rough  th a t  m a te r ia l ,  th e  company changed to  a  l a r g e r  19- 
gauge w ire , w hich gave 95 p e rc e n t  o r  b e t t e r  p r o te c t io n  (F ig u re  7 ) .
The p o le s  w ere wrapped to  w ith in  a b o u t 12 f e e t  o f  th e  ground l i n e  s in c e  
b i r d s  v e ry  seldom  a t ta c k  p o le s  t h a t  c lo s e  to  th e  g round . The p ro ced u re  
to d ay  i s  e s s e n t i a l l y  th e  same, e x c e p t t h a t  3 f e e t  seem s-to  be th e
a
p r e f e r r e d  w id th  o f  th e  hardw are c l o t h ,  and m ost o f  th e  p o le s  a re  wrapped 
w h ile  on th e  ground p r i o r  to  c o n s t r u c t io n  o f  th e  l i n e s .  Two o f  th e  
m ajo r o b je c t io n s ,  expense  and e l e c t r i c a l  c o n d u c t iv i ty ,  have n o t been  
overcom e.
F i g u r e  7 P i l e a te d  W oodpeckers o c c a s io n a l ly  g e t  th ro u g h  19 gauge, 
2 x 2  hardw are  c lo th  by " f a t ig u in g ” th e  w ire .  (S c a le
in  in c h e s . )
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Ih e  re s e a rc h  a t  P en n sy lv an ia  S ta te  U n iv e rs i ty  was s t a r t e d  in  1955 
in  c o o p e ra tio n  w ith  s e v e ra l  u t i l i t y  com panies in  P e n n sy lv an ia  t h a t  w ere 
e x p e r ie n c in g  woodpecker damage. The e f f o r t  was d i r e c te d  o n ly  tow ard 
th e  p i l e a t e d ,  s in c e  t h a t  was th e  s p e c ie s  c a u s in g  th e  t r o u b le .  The 
r e s e a r c h  c o n s is te d  o f  two p h a se s : a  s tu d y  o f  w oodpecker a c t i v i t y  a lo n g
u t i l i t y  l i n e s  to  d e te rm in e  l i f e  h i s t o r y  and r e l a t i o n s h ip  to  damage, 
and th e  t e s t i n g  o f  numerous m ech an ica l and chem ica l r e p e l l e n t s  
(Jo rg e n se n  e t  a l .  1957). The r e s e a r c h e r s  b e l ie v e d  th e  m ost im p o r ta n t 
f e a tu r e  o f  t h e i r  o b s e rv a tio n s  u n d er th e  f i r s t  phase  was t h a t  damage to  
p o le s  was s e r io u s  on ly  in  c e r t a i n  m onths, th e  6-m onth p e rio d  from 
O ctober th rough  March. C o n seq u en tly , a  s h o r t - te r m  r e p e l l e n t  m igh t have 
a p p l i c a t i o n .  A nother f in d in g  was t h a t  th e r e  was no c o r r e l a t i o n  betw een 
ty p e  and amount o f  damage and lo c a l  o c c u rre n c e  o f  open f i e l d s  o r  f o r e s t s  
o f  v a r io u s  age  c l a s s e s .  But i t  seemed to  th e  r e s e a r c h e r s  t h a t  damage 
was l e s s  w here th e  m ost m ature  tim b e r e x i s t e d ,  w hich was assumed to  be 
th e  b e s t  env ironm ent f o r  th e  b i r d s .
Jo rg e n se n  e t  a l .  (1957) a ls o  found t h a t  s e c t io n s  o f  u t i l i t y  p o le s  
p a in te d  w h ite ,  re d , g re e n , and y e llo w  w ere damaged more th a n  c o n t r o l  
s e c t io n s .  A lso , aluminum p a in t  was n o t r e p e l l i n g .  T h e ir t e s t s  a l s o  
showed th a t  s e v e ra l  c o v e rin g s  e f f e c t i v e l y  p re v e n te d  th e  b i r d s  from  
g e t t i n g  a t  th e  wood: g a lv a n iz e d  and aluminum s h e e t  m e ta l , heavy w ire  mesh,
and f i b e r g l a s s  tu bes were n o t p e n e t r a te d .  None o f  th o se  c o v e r in g s  w ere 
deemed p r a c t i c a l  under m ain tenance  c o n d it io n s  i n  u se  a t  t h a t  tim e .
Jo rg e n se n  and h is  cow orkers a ls o  t e s t e d  75 chem ica l compounds and 
com m ercial r e p e l l e n t  m a te r ia ls  in  an a v ia r y ;  e ig h t  w ere c ap a b le  o f  
r e p e l l i n g  a  c a p tiv e  P i le a te d  W oodpecker. However, f i e l d  t e s t s  su b se q u e n tly
re v e a le d  none o f  th o s e  e ig h t  was e f f e c t i v e .  In  f u r t h e r  t e s t s  a t  
P en n sy lv an ia  S ta te  U n iv e r s i ty  r e s e a rc h e r s  e v a lu a te d  ab o u t 45 o th e r  
chem icals  and compounds w ith o u t su c c e ss  (U n p u b lish ed , P r o je c t  1256, 
P ro g re ss  R ep o rts  7 and ..8, no. d a t e ) .  Hawk s i l h o u e t t e s ,  p l a s t i c  
s p in n e rs , and re c o rd e d  d i s t r e s s  c a l l s  p layed  back  w ere a ls o  t e s t e d  
w ith o u t s u c c e s s . The w ork a t  P en n sy lv an ia  S ta te  U n iv e r s i ty  was 
a p p a re n tly  te rm in a te d  i n  1962 a f t e r  a p e r io d  o f  a b o u t 7 y e a r s .
In  th e  l a t e  1 9 5 0 's  and e a r ly  1 9 6 0 's  o th e r  r e s u l t s  w ith  ch em ica l 
r e p e l l e n t s  in d ic a te d  t h a t  a  s o lu t io n  to  th e  problem  m ight be a v a i l a b l e .  
One o f  th e  p r o p r i e t a r y  r e p e l l e n t s  t e s t e d  a t  P e n n sy lv a n ia  S ta te  
U n iv e rs i ty , R oost-N o-M ore, was re p o r te d  to  be co m p le te ly  e f f e c t i v e  
a f t e r  2 y e a r s  in  th e  f i e l d  (Anonmyous 1958). A lso , D ennis (1963a;
1963b) p re s e n te d  a c c o u n ts  o f  th e  su c c e ss  o f  a n o th e r  p r o p r ie t a r y  p ro d u c t ,  
Koppers Woodpecker R e p e l le n t .  Roost-No-M ore co u ld  be sp ra y e d , b u t 
Koppers R e p e lle n t c o n ta in e d  a heavy g ra s e  b a se  and was a p p lie d  w ith  a 
b ru sh . D ennis (u n p u b lish e d  o f f i c e  r e p o r t ,  1965) l a t e r  s t a t e d  t h a t  
b o th  m a te r ia ls  w ere r e l a t i v e l y  s h o r t - l i v e d ;  th ey  w ere e f f e c t i v e  a s  lo n g  
a s  they  w ere ta ck y  o r  gave o f f  a pungent o d o r.
Some comments by K o ersv e ld  (1957) r e g a rd in g  ch em ica l r e p e l l e n t s  
a re  p e r t in e n t .  M ost r e p e l l e n t s  a re  d esig n ed  to  a c t  on th e  s.enses o f  
t a s t e  o r s m a ll ,  based  u n f o r tu n a te ly  on s u b je c t iv e  human judgem ents o f  
what i s  o b je c t io n a b le .  The r e p e l l i n g  a c t io n  i s  o f te n  caused  by v o l a t i l e  
in g r e d ie n ts ,  w hich a re  e f f e c t i v e  f o r  a  l im i te d  tim e . A lso , b i r d s  seem 
to  become h a b i tu a te d  to  o d o rs , b u t  n o t  to  r e p e l l e n t s  hav ing  a  pharm aco­
lo g ic a l  a c t io n ,  such  a s  e m e t ic s .
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In  1965 f iv e  G ulf South u t i l i t y  com panies, which w ere n o t co m p le te ly  
s a t i s f i e d  w ith  p re v e n t iv e s  in  u se  a t  t h a t  tim e , e n te re d  in to  an agreem ent 
w ith  th e  U. S. F o re s t  S e rv ic e  in  an  e f f o r t  to  f in d  a  more a c c e p ta b le  
s o lu t io n .  B efo re  th e  r e s e a rc h  was te rm in a te d  i n  1972, a f o r e s t r y  
company and f iv e ' o th e r  u t i l i t y  com panies had p a r t i c ip a t e d  fo r  v a ry in g  
le n g th s  o f  tim e . T h is r e p o r t  in c lu d e s  in fo rm a tio n  g a in ed  from th a t  
r e s e a r c h .
L ife  H is to ry , B eh av io r, and M orphology 
o f  S e le c te d  W oodpeckers
T his s e c t io n  i s  n o t in te n d e d  to  be  a l l  i n c lu s iv e ,  b u t i s  a rev iew  
o f  p e r t in e n t  f a c t s  a b o u t w oodpeckers to  g iv e  th e  r e a d e r  a  b e t t e r  u n d e r­
s ta n d in g  o f th e  r e s e a rc h  p roblem . A lso  in c lu d e d  a re  p o p u la r  and 
s c i e n t i f i c  acco u n ts  such a s  th o se  by B ent (1 9 3 9 ), Hoyt (1 9 5 7 ), K ilham  
(1 9 5 9 ), F arb  (1 9 6 2 ), and Sm ith (1 9 6 8 ). The s p e c ie s  s e le c te d  f o r  
d is c u s s io n  a re  th e  P i l e a t e d ,  R ed-headed, L ad d er-b ack ed , and Go.lden- 
f ro n te d  W oodpeckers. The l a t t e r  two a re  In c lu d e d  s in c e  th ey  w ere 
e f f i c a c io u s  f o r  c e r t a i n  p re l im in a ry  ex p erim en ts  in  t h i s  r e s e a r c h .
T e r r i to r y  s i z e  o f  w oodpeckers a lo n g  a u t i l i t y  l i n e  would l i k e l y  
be an  im p o rta n t f a c to r  in  e s t im a tin g  th e  amount o f  damage in c u r re d ,  
f o r  th e  l a r g e r  t h e i r  t e r r i t o r y  th e  l e s s  t h e i r  d e n s i ty .  I t  i s  u n re a so n ­
a b le  to  a tte m p t a  c a te g o r iz a t io n  o f  th e  ty p e  o f t e r r i t o r y  m a in ta in ed  by 
P i l e a te d  W oodpeckers fo llo w in g  N ic e 's  (1941) fu n c t io n a l  d e f i n i t i o n s .
To w hat e x te n t ,  i f  a t  a l l ,  P i l e a te d s  a r e  t e r r i t o r i a l  i s  n o t c l e a r .
Hoyt (1957) b e l ie v e d  th e re  m ust be f i g h t s  o v e r t e r r i t o r i a l  b o u n d a rie s  
b u t had no re c o rd s  and knew o f  no one who had w itn e sse d  such in c id e n ts .
Kilham  (1959) n o ted  c o n f l i c t  a lo n g  th e  b o u n d a rie s  betw een two p a i r s  
o f  F i l e a te d s  in  F lo r id a ,  b u t d id  n o t  in d ic a te  th e  s i z e  o f  th e  defended  
a r e a s .  Kilhatn (1958) found w in te r in g  t e r r i t o r i e s  w here R ed-heads s to re d  
a c o rn s  to  be sm all in  s i z e ;  12 b i r d s  m a in ta in ed  t e r r i t o r i e s  in  a  4 -a c re  
a r e a .
W ith th e  e x c e p tio n  o f  th e  Red-headed W oodpecker, a l l  th e  s p e c ie s  
a r e  s e x u a lly  d im o rp h ic : A ll  a re  p ro b a b ly  n o n m ig ra to ry  b u t some make
s e a s o n a l  s h i f t s  in  t h e i r  ra n g e s . C a l l in g ,  drumming, and d is p la y in g  
o c cu r in  c o u r ts h ip  b e h a v io r .  S e v e ra l  f a l s e  s t a r t s  b e fo re  a  n e s t  c a v i ty  
i s  com pleted seems to  be common to  a l l .  Both sex es  o f  a l l  fo u r  s p e c ie s  
p a r t i c i p a t e  in  n e s t  c o n s t r u c t io n ,  in c u b a t io n ,  and c a re  o f  young. A d u lt 
and young P i l e a te d s  rem ain  to g e th e r  w e ll  p a s t  summer and can be observ ed  
fe e d in g  as  a  fa m ily  g ro u p . However, young R ed-heads a r e  d r iv e n  from  th e  
a re a  o f  th e  n e s t  soon a f t e r  f le d g in g .  T h is i s  p ro b a b ly  an a d a p ta t io n  
p e rm it t in g  th e  a d u l t s  to  r e n e s t ,  w hich th ey  do in  th e  so u th e rn  p a r t  o f  
t h e i r  ra n g e . Young R ed-heads, u n t i l  w e ll  a f t e r  th e  n e s t in g  sea so n , a re  
e a s i l y  reco g n ized  from a d is ta n c e  by th e  ab sen ce  o f  re d  c o lo r a t io n  on 
t h e i r  h e a d s . T his i s  n o t th e  c a se  in  P i l e a t e d s ,  w here th e  young soon 
re sem b le  th e  a d u l t s  in  plumage and can  even be  sexed  when a few days o ld  
by th e  e x te n t  o f  red  on th e  fo re h e a d . (2he re d  c o lo r  on a m ale e x ten d s  
to  th e  b ase  o f  th e  b i l l ,  b u t on a  fem ale  te rm in a te s  a t  a p o in t  n e a r  th e  
to p  o f  th e  h e a d .)
P i l e a te d s  a r e  p r im a r i ly  o ccu p an ts  o f o ld e r  d ec id u o u s f o r e s t s ,  b u t 
th e y  a re  q u i te  a d a p ta b le  to  m ost wooded a rd a s  w ith  th e  e x c e p tio n  o f  pure  
p in e  s ta n d s . D uring much o f  th e  y e a r  R ed-heads a re  found in  h a b i t a t s
v a ry in g  from open f i e l d s  c o n ta in in g  a few t r e e s  to  s p a r s e ly  wooded 
a r e a s .  D uring  th e  w in te r  th e y  o f te n  move to  more h e a v i ly  wooded a re a s  
and m ight occupy th e  same h a b i t a t  a s  th e  P i l e a t e d .  Such a se a so n a l 
s h i f t  i s  presum ably  r e l a t e d  to  th e  a v a i l a b i l i t y  o f  food , s in c e  f ly in g  
in s e c t s  t h a t  the- R ed-head i s  c a p a b le  o f  ta k in g  on th e  w ing a re  n o t 
a v a i l a b le  i n  q u a n t i ty  d u r in g  th e  w in te r  m onths. W oodpeckers seem to  
be o p p o r tu n is ts  in  fe e d in g  on w h a tev er i s  a v a i l a b l e ,  b u t g e n e r a l ly  th e  
amount o f  an im al m a te r ia l  i n  th e  d i e t  exceeds v e g e ta b le  m a tte r .
Most o f  th e  damage to  wood p ro d u c ts  i n  th e  South o c cu rs  s h o r t ly  
b e fo re  and d u rin g  th e  n e s t in g  se a so n . R ed-headed and P i l e a te d  Wood­
p eck e rs  damage p o le s  o n ly , b u t  th e  L ad d er-backed  and G o ld en -fro n ted  
damage p o le s ,  fen ce  p o s t s ,  c ro s sa rm s , and s ig n  p o s t s .  E x cav a tio n s  in  
fen ce  p o s ts  and c ro ssa rm s  a r e  used  f o r  n e s t in g  and r o o s t in g .
S ince  a r e p e l l e n t  o r  t r e a tm e n t m ust have an  e f f e c t  on a t a r g e t  
o rgan  to  be e f f e c t i v e ,  c e r t a i n  m o rp h o lo g ica l f e a tu r e s  o f  w oodpeckers 
w ere s tu d ie d  in  an a t te m p t  to  f in d  an avenue to  a f f e c t  th e  b i r d s '  
sen so ry  m echanism . P h y s io lo g ic a l  and p h y s ic a l  a t t r i b u t e s  w ere exam ined.
W oodpeckers have ev o lv ed  num erous a d a p ta t io n s  fo r  t h e i r  s p e c ia l iz e d  
way o f  l i f e .  T h e ir  le g s  a r e  s h o r t  and th e  to e  a rran g em en t on th e  f e e t  
i s  un ique  (z y g o d a c ty l) ,  h a v in g  two to e s  forw ard  and two backw ard, w hich 
p e rm its  a dou b le  p in c e r  g r ip  (F ig u re  8 ) .  Bock and M il le r  (1959) have
shown th a t  t h i s  i s  a p e rc h in g  r a t h e r  th a n  a c lim b in g  f o o t .  The c law s ,
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w hich a re  curve'd and s h a rp , e n a b le  a  b i r d  to  c l in g  to  a  w ide ran g e  o f  
te x tu re d  s u r f a c e s .  To f a c i l i t a t e  p ro p p in g  on v e r t i c a l  s u r f a c e s ,  th e  
m idd le  two r e c t r i c e s  have become s t i f f e r .  M o ltin g  o f  th e  t a i l  f e a th e r s
Figure 8. Zygodactyl arrangement of toes assists woodpeckers 
in clinging to vertical surfaces.
o c c u rs  In  a  sequence so  t h a t  a t  no tim e a re  th e  b i r d s  w ith o u t a  
s u f f i c i e n t  number to  p ro v id e  t h e i r  3 -p o in t  p ro p . The b i l l ,  w h ich  i s  
u sed  f o r  s h e a r in g  and p ry in g , i s  h a rd ,  and s h a r p ,  and c h is e l - s h a p e d  
w ith  i t s  v e r t i c a l  d i s ta n c e  b e in g  g r e a t e r  th a n  i t s  w id th  (F ig u re  9 ) .
The c o n n e c tio n  betw een th e  beak  and s k u l l  i s  a p p a r e n t ly  n o t  o s s i f i e d ,  
w hich p e rm its  th e  spongy , r e s i l i e n t  t i s s u e  to  ab so rb  th e  shock  from  
p eck in g  (B eecher 1 9 5 3 ).
Tongues o f  w oodpeckers a re  h a rd  and bony l i k e ,  w ith  a  b a rb e d  t i p  to
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f a c i l i t a t e  im p a lin g  i n s e c t s  (F ig u re  1 0 ) . A m u cilag en o u s s a l i v a  p roduced  
i n  abundance cau ses  s m a l le r  i n s e c t s  to  ad h ere  when th e  ton g u e  i s  p robed  
in to  g a l l e r i e s .  The ton g u e  i s  a c tu a l ly  th e  te rm in a l  p a r t  o f  th e  h y o id  
a p p a ra tu s  (F ig u re  1 0 ) ,  a  system  o f  s t r o n g ,  e l a s t i c  t i s s u e  w hich  d iv id e s  
in  th e  b ack  p a r t  o f  th e  m outh, p a s se s  on each s id e  o f  th e  n e c k , r e jo in s  
o v e r th e  s k u l l ,  and i s  anchored  i n  th e  r i g h t  n o s t r i l .  The a rran g em en t 
p e rm its  e x te n s io n  o f  th e  t i p  s e v e r a l  in c h es  beyond th e  end o f  th e  b e ak ; 
th e  to ngue  can a ls o  b e  b e n t  and cu rv ed  a long  i t s  l e n g th .
The in fo rm a tio n  on t a s t e  p e rc e p tio n  in  b i r d s  i s  q u i t e  g e n e r a l .  
Portm ann (1961) b e l ie v e d  b i r d s  co u ld  d i s t in g u is h  th e  f o u r  p rim a ry  t a s t e s  
p e rc e iv e d  by man, b u t  to  w hat e x te n t  he  d id  n o t  know. The t a s t e  a b i l i t y  
seems to  be  p o o rly  d e v e lo p e d , p ro b a b ly  becau se  b i r d s  h av e  r e l i e d  more on 
e y e s ig h t  to  ta k e  t h e i r  fo o d . A lso , t a s t e  r e c e p to r s  o f  b i r d s ,  a lth o u g h  
s im i la r  i n  s t r u c tu r e  t o  th o s e  in  mammals, do n o t o c c u r  i n  t a s t e  bud 
a g g re g a tio n s  v i s i b l e  to  th e  naked e y e . And compared to  mammals, t a s t e  
buds i n  b i r d s  a r e  v e ry  few i n  number and o c cu r a t  th e  s id e s  and b a se  o f  
th e  to n g u e , n e v e r  a t  th e  t i p .  F u rth e rm o re , some s p e c ie s  o f  b i r d s  
t e s t e d  seemed to  be i n s e n s i t i v e  to  b i t t e r  t a s t e s .
F ig u re  9 . S ide  and top  v iew  o f  c h is e l- s h a p e d  beak  o f  w oodpeckers.
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F ig u re  10. Hyoid a p p a ra tu s  and barbed  tongue o f  w oodpeckers.
Top s k e tc h  shows a rrangem en t o f  hyo id  a p p a r a tu s .
Bottom sk e tc h  shows s id e  and top  view  o f  b a rb ed  tongue .
Two o b s e rv a tio n s  on known b i r d  r e p e l l e n t s  a r e  n o te w o rth y . F i r s t ,  
th e  m ethod by  w h ich , o r  re a so n  t h a t ,  a  few ch em ica ls  a c t  a s  r e p e l l e n t s  
i s  n o t  known. The t a s t e  o f  some o f  th e  r e p e l l e n t s  i s  r e p o r te d ly  n o t 
u n p le a s a n t to  hum ans. Second, some o f  th e  m a t e r i a l ,  c o a te d  se e d  f o r  
i n s t a n c e ,  i s  in g e s te d  b e f o r e  a  r e p e l l i n g  o r  a v o id in g  r e a c t io n  o c c u rs .
But w oodpeckers p ro b a b ly  do n o t in g e s t  wood i n t e n t i o n a l l y ,  a lth o u g h  some 
m ight be  sw allow ed i n c i d e n t a l  to  p e ck in g . T h e re fo re ,  th e  t a s k  o f  
f in d in g  a  p r a c t i c a l  and s u c c e s s f u l  t a s t e - r e p e l l e n t  ch em ica l t h a t  w i l l  
b e  e f f e c t i v e  a g a in s t  w oodpeckers a p p ea rs  fo rm id a b le ...
The s e n se  o f  s m e l i ,  l i k e  t a s t e ,  seems to  b e  p o o r ly  d ev e lo p ed  in  
b i r d s .  T h is  c o n c lu s io n  h a s  b een  b a se d  on th e  o b s e r v a t io n  t h a t  th e  
o l f a c to r y  lo b e s  o f  th e  b r a in  a re  s m a l l ,  and th e  i n t u i t i v e  knowledge 
o f  th e  f u t i l i t y  f o r  f l y i n g  b i r d s  to  fo llo w  s c e n ts  i n  th e  a i r .  Ground- 
d w e llin g  b i r d s ,  such  as  ducks and s n ip e ,  have  b e t t e r  d ev e lo p ed  o l f a c to r y  
lo b e s  and n e rv e s  th a n  b i r d s  t h a t  spend l e s s  tim e  on th e  g ro u n d . On th e  
b a s i s  o f  m orphology, Portm ann (1961) e x p re sse d  h i s  d i s b e l i e f  t h a t  b i r d s  
a r e  co m p le te ly  anosm ic (u n a b le  to  d e te c t  o d o r s ) .  One p o p u la r  acco u n t 
c i t e d  by B ent (1939 , p .  182) a t t r i b u t e d  th e  s t r o n g  fo rm ic  a c id  sm e ll 
o f  a n t  c o lo n ie s  a s  le a d in g  P i l e a t e d  W oodpeckers to  th e  e x a c t  l o c a t io n  
o f  th e  c o lo n ie s  w i th in  t r e e  t r u n k s .  S in ce  w oodpeckers h ave  e v id e n t ly  
n o t b een  th e  o b je c t  o f  in t e n s iv e  s tu d y , t h e i r  o l f a c t o r y  c a p a b i l i t i e s  
a r e  unknown. However, i t  ap p ea rs  t h a t  th e  p o s s i b i l i t y  o f  u s in g  a  
w o o d p eck e r 's  s e n se  o f  sm e ll as a  t a r g e t  f o r  r e p e l l e n t s  i s  p o t e n t i a l l y  
u n p ro m isin g .
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Some o r n i t h o l o g i s t s  b e l ie v e  w oodpeckers have th e  a b i l i t y  to  h e a r  
moving in s e c t s  w i th in  a  t r e e  o r  lo g  a f t e r  th e  i n s e c t s  a r e  d is tu rb e d  
by th e  b i r d s '  ta p p in g  (H oyt 1950). The c h a r a c t e r i s t i c  fe e d in g  h a b i t  
o f  a w oodpecker i s  to  move o v er th e  s u r fa c e  o f  a  t r e e ,  ta p p in g  l i g h t l y ,  
p au sin g  a f t e r  e v e ry  few ta p s  to  tu r n  i t s  head  s id ew ay s , and w a it in g  a 
few seconds b e fo re  ta p p in g  a g a in . C o n tra ry  to  some o th e r  o r n i t h o l o g i s t s  
who b e lie v e d  th e  b i r d  pau sed  to  lo o k  f o r  enem ies, Hoyt s a id  i t  was 
l i s t e n i n g  f o r  a  re s p o n se  from  th e  i n s e c t s  i n s id e .
Pumphrey (1961a) s t a t e d  t h a t  p h y s io lo g ic a l  and b e h a v io ra l  s tu d ie s  
on h e a r in g  su p p o rte d  c o n c lu s io n s  he had o b ta in e d  from  a n a to m ica l 
s tu d y ; nam ely , t h a t  a  b i r d  can h e a r  and re sp o n d  to  f lu c tu a t io n s  10 tim es  
as  r a p id ly  a s  can  man; th e  band o f  f r e q u e n c ie s  to  trfiich a b i r d  i s  
s e n s i t i v e  p ro b a b ly  l i e s  w i th in  200 and 10 ,000 c y c le s ,  w ith  th e  ex cep ­
t io n  o f  owls and p a r r o t s  w here i t  i s  h ig h e r ;  and th e  a b i l i t y  to  d e te rm in e  
th e  d i r e c t i o n  o f  a  sound i s  com parable  to  m a n 's . A young human b e fo re  
th e re  i s  any a g in g  i n  th e  e a r s  can  h e a r  so u n d s, depend ing  on i n t e n s i t y ,  
from  a b o u t 30 to  2 0 ,0 0 0  c y c le s  p e r  seco n d ; in  o ld e r  age th e  ran g e  i s  
a b o u t 50 to  8 ,0 0 0  c y c le s  p e r  second (G uyton 1961, p . 6 9 0 ). I t  a p p e a rs ,  
th e r e f o r e ,  t h a t  i f  a  sound w ere found to  be r e p e l l i n g  to  w oodpeckers, i t  
would a ls o  be in  th e  a u d ib le  ran g e  o f  (and u n p le a s a n t to )  humans.
Pumphrey a l s o  d i s p e l l e d  th e  id e a  t h a t  b i r d s  co u ld  h e a r  fa r-aw ay  
e x p lo s io n s ;  th e  b i r d s  a c t u a l l y  responded  to  sound t r a n s m it te d  th ro u g h  
th e  ground and p e rc e iv e d  by sen so ry  end o rg a n s , c a l l e d  c o rp u s c le s  o f  
H e rb s t , i n  th e  l e g s .
Pumphrey (1961b) In d ic a te d  th a t  some o f  th e  com parisons betw een 
a v ia n  and human eyes a r e  m is le a d in g . For in s ta n c e ,  i t  i s  b e lie v e d  th a t  
haw ks, k i t e s ,  and v u l tu r e s  a re  a t t r a c t e d  to  o b je c t s  t h a t  would be 
i n v i s i b l e  to  humans from  .th e  same d is ta n c e  and t h a t  . i n s e c t - e a t in g  b i r d s  
can  su p p o rt th em selv es  by ta k in g  in s e c t s  t h a t  would be i n v i s i b l e  to  
hum ans. Pumphrey s t a t e d  t h a t  n e i th e r  o f  th e s e  argum ents i s  v a l i d —i f  
a human r e ta in e d  th e  power o f  accom m odation he had when 2 y e a r s  o ld , 
and co u ld  g e t  a s  c lo s e  to  i n s e c t s  a s  a b i r d  u s u a l ly  d o es , th e  human 
would have no t r o u b le  in  se e in g  th e  i n s e c t s ;  a l s o ,  i f  a  m an 's  a t t e n t i o n  
i s  a c c u r a te ly  d i r e c t e d ,  he co u ld  see  an a n te lo p e  o r  i t s  shadow and 
d e te rm in e  w hether i t  i s  s t a t i o n a r y  o r  moving from  a h e ig h t  o f  10,000 
f e e t .  A man cou ld  see  a moving h e rd  o f  a n te lo p e s  on ly  a s  a  group o f  
m oving, u n id e n t i f i a b l e  o b je c t s ,  and he cou ld  n o t  a d e q u a te ly  co v er a l l  
th e  a n te lo p e s  in  a b o u t 40 sq u a re  m ile s  o f  t e r r i t o r y  a s  co u ld  a  b i r d .  
Pumphrey summarized th e  e v id en ce  by s t a t i n g  t h a t  th e  a c u i ty  o f  b i r d s  
i s  o f  th e  same o rd e r  as  t h a t  o f  men, b u t th e  r a t e  o f  a s s im i la t io n  o f  
d e t a i l  i s  v e ry  much h ig h e r  in  b i r d s ,  t h a t  i s ,  v i s io n  in  b i r d s  as  a 
w hole i s  no s h a rp e r  b u t much f a s t e r  th a n  in  man.
A lthough th e  sen se  o f  s ig h t  o f  w oodpeckers h a s  a p p a re n tly  n o t been 
s tu d ie d  in  d e t a i l ,  th e  b i r d s  do n o t seem to  p o s se s s  any a t t r i b u t e s  th a t  
c o u ld  be used a s  t a r g e t s  fo r  r e p e l l e n t s .  D r. R ich ard  N. Jo rg e n se n  o f  
th e  P e n n sy lv a n ia  S ta te  U n iv e rs i ty  (p e rs o n a l com m unication) th o u g h t th e  
w h ite  m ark ings on th e  t a i l  and w ings o f  P i l e a te d  W oodpeckers se rv ed  a s  
an a la rm  s ig n a l  when a b i r d  to o k  f l i g h t .  He n o te d  th a t  th e  b i r d s  d id  
n o t c a l l  b u t seemed somehow to  w arn o th e r s  o f  d a n g e r . A p p aren tly  
Jo rg e n se n  was n o t a b le  to  d u p l ic a te  th e  w arn ing  s ig n a l  s a t i s f a c t o r i l y  
f o r  f i e l d  t e s t s .
Ecology o f  Woodpeckers N e s tin g  in  P o le s
The e v id en c e  th a t  a p o p u la tio n  o f  w oodpeckers a lo n g  a u t i l i t y  l i n e  
s e rv e s  a b e n e f i c i a l  fu n c t io n  by re d u c in g  th e  number o f  f o r e s t  i n s e c t s  
i s  a  p r i o r i . The im p o rtan ce  o f th e  fu n c t io n  i s  l i k e l y  to  be o v e r­
em phasized by o r n i t h o l o g i s t s ,  w h ile  u t i l i t y  company e n g in e e rs  a r e  
more concerned  w ith  damage to  t h e i r  p o le s .  The a t t i t u d e  o f  f o r e s t e r s  
may be i n d i f f e r e n t ,  f o r  th ey  a re  aware o f  th e  la r g e  c a v i t i e s  in  nearb y  
l i v in g  t r e e s  t h a t  may som etim es d e t r a c t  from  th e  m arke t v a lu e  b u t  th ey  
a l s o  know th a t  th e  q u a n t i ty  o f  i n s e c t s  n e c e s sa ry  to  s u p p o r t  a  w oodpecker,
e s p e c ia l l y  one as  l a r g e  a s  a P i l e a t e d ,  i s  s i g n i f i c a n t .
A f a c to r  n o t o f te n  c o n s id e re d  i s  th e  v a lu e  o f  p o le s  a s  n e s t  s i t e s .  
The b i r d s  a r e  e v id e n t ly  a t t r a c t e d  to  p o le s  b ecau se  th e y  o f f e r  c e r t a i n  
a d v a n ta g e s , b u t  Rumsey (1970) found t h a t  w oodpeckers n e s t in g  in  
n e w ly - tr e a te d  c re o s o te  p o le s  w ere a c tu a l ly  re d u c in g  t h e i r  number o f  
o f f s p r i n g .  In  37 n e s t s  o f  Red-headed and s ix  o f  P i l e a te d  W oodpeckers 
in  n e w ly -c re o so te d  so u th e rn  p in e  p o le s  e i t h e r  th e  eggs d id  n o t h a tc h  o r
th e  young d ie d  w i th in  a few days a f t e r  h a tc h in g . T o x ic i ty  o f  th e
c re o s o te  caused  100 p e rc e n t m o r ta l i ty  o f  th e  embryos o r  a l t r i c i a l  
n id i c o l e s .  A f te r  s e v e r a l  y e a r s  th e  p o le s  become s a f e  as  n e s t  s i t e s ,  b u t 
n o t u n t i l  much o f th e  p r e s e r v a t iv e  h a s  v o l a t i l i z e d .  A g e n e ra l  
c o n c lu s io n  i s  t h a t  i t  would be advan tag eo u s to  th e  b i r d s  to  avo id  
n e s t in g  in  t r e a t e d  p o le s ,  a t  l e a s t  f o r  s e v e ra l  y e a r s  a f t e r  th e  
t r e a tm e n t .
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EXPERIMENTAL TESTS
T e s ts  w ere  co n d u cted  in  an  a v ia r y  and i n  th e  f i e l d .  The a v ia ry  
was u sed  f o r  p re l im in a ry  s c re e n in g  o f  some o f  th e  tr e a tm e n ts  b e fo re  
th ey  w ere t e s t e d  in  th e  f i e l d .  Most o f  th e  f i e l d  ex p e rim en ts  can  be 
d iv id e d  i n t o  fo u r  m ain d iv i s io n s :  (1 ) t e s t s  u sed  to  in v e s t i g a t e
cau ses  o f  w oodpecker a t t a c k ,  (2 ) t e s t s  o f  m ethods to  p re v e n t  a t t a c k ,
(3) t e s t s  u sed  to  i n v e s t i g a t e  p r a c t i c e s  o f  r e p a i r in g  w oodpecker damage, 
and (4) t e s t s  u sed  to  e v a lu a te  th e  e f f e c t  o f  w oodpecker damage to  p o le s .
A v ia ry  T e s ts  
D e s c r ip t io n  o f  a v ia r y
The a v ia r y  (F ig u re  11) was lo c a te d  in  P i n e v i l l e ,  L o u is ia n a , on 
p ro p e r ty  owned by  th e  U. S. V e te ran s  H o s p i ta l  A d m in is tra t io n . The 
a v ia ry  s i t e  was a  r e l a t i v e l y  se c lu d e d  a r e a ,  su rro u n d ed  by t r e e s ,  and 
w ith  r e s id e n t  w oodpeckers in  th e  im m edia te  v i c i n i t y .  The a v ia ry  was made 
o f  m e ta l fram ing  e n c lo s e d  by 1 - in c h  mesh p o u l t r y  w ire .  I t  c o n s is te d  o f  
f iv e  c o n tig u o u s  c a g e s , each  m easu rin g  10 x  20 x  8 f e e t  w ith  a  3 -  x  8 - f o o t  
e n tra n c e  g a te .  At v a r io u s  tim es  P i l e a t e d ,  R ed-headed , and L ad d er-backed  
W oodpeckers (from  s o u th  T exas) w ere c o n f in e d .
Figure 11. Woodpecker aviary. (Pineville, Louisiana, 1967.
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P ro c e d u re s .- -C a n d id a te  r e p e l l e n t s  and o v e r la y s  a p p l ie d  to  s h o r t  
p o le  s e c t io n s  o r  fence  p o s ts  were exposed to  th e  b i r d s .  A lso , lam in a ted  
wooden s e c t io n s  o f v a r io u s  s iz e s  were p la c e d  i n  th e  a v ia r y .  The amount 
o f  damage by th e  b i r d s  to  the. t re a tm e n ts  was n o te d .
E x p lo ra to ry  t e s t s  on e l e c t r i c a l  s t im u la t io n  o f  th e  f e e t  o f  a 
Red-headed Woodpecker w ere a ls o  conducted  on a  c a p t iv e  b i r d .  A fen ce  
p o s t was s p i r a l l y  wrapped w ith  two co n d u c to rs  (w ire s )  a b o u t 0 .5  in ch  
a p a r t  so t h a t  th e  p e rc h in g  b i r d  would make c o n ta c t  s c r o s s  th e  te r m in a ls .
An AC tra n s fo rm e r  was u sed  to  ap p ly  v o l ta g e  up to  a maximum o f  600 V.
R e s u lts  and d is c u s s io n . —A lthough a d u l t  b i r d s  w ere c a p tu re d  and 
s u c c e s s f u l ly  m a in ta in ed  in  th e  a v ia ry  (Rumsey 196 8 ), i t  was d i f f i c u l t  
to  a s s e s s  th e  b i r d s '  damage to  t e s t  m a te r i a l ,  f o r  th e  damage was s p o ra d ic  
and seem ing ly  u n o r ie n te d . C o n tro l m a te r i a l ,  t h a t  i s ,  m a te r i a l  w ith  no 
tre a tm e n t a p p lie d  to  i t ,  was f r e q u e n t ly  damaged l e s s  th a n  th e  t e s t  
m a te r i a l .  T e s ts  w ith  o v e r la y s  and la m in a ted  wooden s e c t io n s  w ere a ls o  
in c o n s i s t e n t .  B ird s  had a  tendency  to  p e rch  on to p  o f  th e  p o le  s e c t io n s  
and r e c ta n g u la r  la m in a ted  s e c t io n s  and c h ip  s p l i n t e r s  from  a lo n g  th e  
g r a in .  In  no in s ta n c e  d id  th ey  make a  com pleted  c a v i ty  o r  t e s t  p robe  
s im i la r  to  th o se  made o u ts id e  th e  a v ia r y .  L am inates o f  re d c e d a r  
(Ju n ip M U A  v jA g iyU a n a . L .)  w ere s p l in te r e d  and damaged as  w ere  a l l  th e  
specim ens in  th e  o th e r  t r e a tm e n ts ,  a lth o u g h  re d c e d a r  fen ce  p o s ts  in  
so u th  Texas a r e  immune to  a t t a c k .  Adding more re d c e d a r  o i l  to  th e  
s e c t io n s  f a i l e d  to  have an  e f f e c t  on amount o f  damage.
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One p o s s ib le  s o lu t io n  to  th e  w oodpecker p rob lem  In v o lv e s  ta p p in g  
e l e c t r i c i t y  from  th e  t r a n s m is s io n  l i n e s  and in  some manner e n e r g is in g  
a  p o le  a g a in s t  w o o d p eck ers ' p e rc h in g . In  th e  a v ia r y  t e s t  a  R ed-head 
was n o t  a f f e c t e d  by a  ch arg e  up to  600 V ., a  v o l ta g e  im p r a c t ic a l  to  
exceed . A m acro ex am in a tio n  o f  th e  b i r d ' s  f e e t  re v e a le d  them to  be 
c a l lo u s e d , d r y ,  and h a rd ,  w ith  l i t t l e  t i s s u e  t h a t  would a c t  a s  a  
c o n d u c to r . M easurem ents w ith  an ohmmeter showed l i t t l e  c o n t in u i ty  
th ro u g h  th e  b i r d ' s  to e s ;  th e y  a c te d  a lm o s t l i k e  an i n s u l a t o r .  F u r th e r  
t e s t s  a lo n g  t h i s  l i n e  d id  n o t  seem w a rra n te d .
C o n c lu s io n s . — I  h ad  a n t i c ip a t e d  t h a t  f i e l d  t e s t s  w ould  be  n e c e s s a ry ,  
and would b e  u n d e r ta k e n , a f t e r  p re l im in a ry  s c re e n in g  i n  th e  a v ia r y .
However, I  d id  n o t  o b ta in  any le a d s  in  th e  a v ia r y  t e s t s  t h a t  w a rra n te d  
f u r t h e r  e x p e r im e n ta tio n  in  th e  f i e l d .  The c h ie f  v a lu e  o f  th e  a v ia r y  
was t h a t  i t  p ro v id e d  d o s e  o b s e rv a t io n s  o f  b i r d s  in  a  r e l a t i v e l y  
n a tu r a l  en v iro n m en t.
F ie ld  T e s ts  
D e s c r ip t io n  o f  s tu d y  a re a s
F ie ld  t e s t s  w ere co nducted  m ain ly  on fo u r  g eo g ra p h ic  lo c a t io n s :
(1 ) in  so u th  T exas on th e  Laguna A ta sc o sa  N a tio n a l W ild l i f e  R efuge,
(2 ) in  c e n t r a l  L o u is ia n a  on th e  S a l in e  W ild l i f e  Management A rea , (3 ) i n  
c e n t r a l  L o u is ia n a  n e a r  Bayou B oeuf, and (4) i n  w est L o u is ia n a  a lo n g  
th e  S ab ine  R iv e r .
The Laguna A ta sc o sa  R efu g e, o p e ra te d  by th e  U. S. B ureau  o f
S p o r t F i s h e r ie s  and W i ld l i f e ,  i s  lo c a te d  n o r th e a s t  o f  San B e n ito ,
Cameron C ounty , i n  th e  s o u th e rn  t i p  o f  T ex as. I t  c o n ta in s  o v e r  40 ,000
a c r e s  and i s  an im p o r ta n t w in te r in g  a r e a  f o r  many s p e c ie s  o f  m ig ra to ry
b i r d s .  The v e g e ta te d  r id g e s  o f  th e  re fu g e  su p p o r t t h i c k ,  th o rn y
s h ru b s ,  c a c t i ,  and y u cca  in te rm ix e d  w ith  m e sq u ite  [PAOAo p iA  judti.fJiotUL 
2/
(S w .) DC]-  , h u is a c h e  [Aaac/ta fia/ineAZayia. (L .)  W illd . ] ,  g ra n je n o  
( C e Z t i6  paZ Z L da  T o r r . ) ,  and Texas ebony [PZZh&ceZZobZum fiZ exZ ca u te . 
(B e n th .)  C o u l t . ] .  Numerous t r a i l s  f o r  w a lk - in  to u r s  and " o f f i c i a l  u se  
o n ly "  a c c e s s  ro a d s  t r a n s e c t  th e  a r e a .  Sm all n a tu r a l  o p en in g s  a lo n g  
th e s e  t r a i l s  and ro a d s  o f f e r e d  s u i t a b l e  lo c a t io n s  f o r  th e  p lacem en t o f  
fe n c e  p o s ts  f o r  t e s t i n g .
The S a l in e  W ild l i f e  Management A rea (F ig u re  12) i s  lo c a te d  in  
L a S a lle  P a r i s h  a b o u t 25 m ile s  n o r th e a s t  o f A le x a n d r ia , L o u is ia n a .
The a r e a ,  w hich encom passes ap p ro x im a te ly  60 ,000  a c re s  o f  hardw oods, 
l a k e s ,  and b a y o u s , i s  owned by  th e  L o u is ia n a  W ild L i f e  and F is h e r i e s  
Com m ission. P r i o r  to  a c q u i s i t i o n  by th e  s t a t e ,  th e  a r e a  was p e r i o d i c a l l y  
c u l le d  o v e r by lo g g e rs  w ith  no a p p a re n t s i l v i c u l t u r a l  p la n .  As a  
r e s u l t  m ost o f  th e  a r e a  c o n ta in s  i r r e g u l a r ,  unev en -ag ed  s ta n d s  t h a t  
w ould  n o t  a r r i v e  a t  r o t a t i o n  age a t  s h o r t  i n t e r v a l s  i n d e f i n i t e l y .
I n s t e a d ,  th e  s to c k in g  i s  i n s u f f i c i e n t ,  many o f  th e  t r e e s  a r e  c rooked  and 
llra b y , and th e  t r e e s  o f  m e rc h an ta b le  s i z e  a r e  m o s tly  c u l l s .  The t r a c t  
was u sed  as  open ran g e  f o r  l iv e s to c k  u n t i l  th e  l a t e  1 9 6 0 's .  O v e rg raz in g  
was common and f o r e s t  r e p ro d u c tio n  s u f f e r e d  as  a  r e s u l t .
— N om enclature fo llo w s  L i t t l e  (1953) and V ines (1 9 6 0 ) .
F ig u re  12 . S a lin e  W ild l i f e  Management A rea . S tudy p o le s  w ere lo c a te d  
a lo n g  red  l i n e s .  (Map c o u r te sy  o f  L o u is ia n a  W ild L i f e  and 
F is h e r ie s  C om m ission.)
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Much o f  S a l in e  W i ld l i f e  Management A rea i s  s u b je c t  to  a n n u a l 
b ack w ate r f lo o d in g  from  th e  Red R iv e r  and B lack  R iv e r . Overcup oak 
(QueAcuA ZyAata W a lt .)  and w a te r  h ic k o ry  [ CaAjya aquatlca (M ichx. f . )
N u t t . ]  a re  th e  p red o m in an t o v e r s to ry  s p e c ie s  w here f lo o d in g  o c c u rs .
Where f lo o d in g  does n o t  o c c u r  w illo w  oak  (QtieACJUA pheZloA L . ) ,  Nut t a l l  
oak (QueAcuA nuttaZZZl P a lm e r) , A m erican elm  (UZmuA ameAA.com L.), 
c ed a r elm (UZmuA cAOAAtfioZia N u t t . ) ,  g re e n  a sh  (FaoxamuA pennAyZvanica 
M a rsh .) , honey lo c u s t  (GZe.cUtAA.a tAlacantkoA L . ) ,  and persimmon 
(VZoApyAoA vlAgtniana L .)  a re  p r e s e n t .  Common sh ru b s  o f  th e  overcup  
o ak -w ate r h ic k o ry  ty p e  a r e  swamp p r i v e t  [FoA&AtieAa acuminata (M ichx .) 
P o i r . ] ,  haw thorns ( CAatae.guA s p p . ) ,  b u tto r ib u sh  ( CzphaZantkuA occZdeMtaZAA 
L .)  and p la n e r t r e e  [PZaneAa aquatlca (W a lt .)  G m el.] .  On th e  p o r t i o n  o f  
th e  a re a  l e s s  s u b je c te d  t o  f lo o d in g  N u t t a l l  and w a te r  oak (QueAcuA 
ntgfUL L .)  a r e  more abu n d an t w ith  w a te r  h ic k o ry  a b s e n t .  A lso p a lm e tto  
[SabaZ minoJI ( J a c q .)  P e r s . ] ,  sm ila x  (SmlZax s p p . ) ,  and b la c k b e r r ie s  
CRubuA s p p .)  r e p la c e  b u tto n b u s h  and swamp p r i v e t .
Numerous dead  t r e e s ,  many th e  r e s u l t  o f  o i l - f i e l d  a c t i v i t i e s ,  
p ro v id e  food  and n e s t i n g  s i t e s  f o r  l a r g e  p o p u la t io n s  o f  P i l e a t e d  and 
Red-headed W oodpeckers. Two m ajo r ro a d s , Hunt and B ig  R id g e , t r a v e r s e  
m ost o f  th e  t r a c t .  S e v e ra l  sp u rs  from  th e s e  p ro v id e  a c c e s s  to  p ro d u c in g  
and abandoned w e ll  s i t e s .  Most o f  th e  s tu d y  p o le s  w ere p la c e d  a lo n g  
th e s e  e x i s t in g  ro a d s  and i n  r ig h ts -o f -w a y  a lo n g  fe n c e s .
Bayou Boeuf i s  lo c a te d  i n  R apides P a r i s h  in  th e  a l l u v i a l  p la in  o f  
th e  Red R iv e r . The p red o m in an t o v e r s to ry  p a r a l l e l i n g  th e  o p e r a t io n a l  
u t i l i t y  l i n e  u sed  in  th e  s tu d y  c o n ta in s  c u t-o v e r  b a ld c y p re s s  (Taxodium 
diAtichum  R ic h .)  and w a te r  tu p e lo  (NyAAa aqu.dtLc.al,.) i n  th e  p o o rly  
d ra in e d  f l a t s  and s lo u g h s . D r ie r  s i t e s  h av e  been  e x c e s s iv e ly  c u t over 
b u t  c o n ta in  young, n e a r  m e rc h a n ta b le -s iz e d  cottonw ood (Po'putuA deJLtoLdeA 
B a r t r . ) ,  sycam ore (PZatanu6 occLdentaZLA L . ) ,  h ack b e rry  (CeZtL& ZacvLgata 
W i l l d . ) ,  b o x e ld e r  (AceA Yicgundo L .)  and v a r io u s  re d  o ak s . The u n d e rs to ry  
on th e  w et s i t e s  i s  made up o f  b u tto n b u sh  and i t s  a s s o c ia te d  s p e c ie s .
On th e  d r i e r  s i t e s  p a lm e tto  and haw thorns a r e  p r e s e n t .  The a r e a  i s  
g ra z ed  by l iv e s to c k  b u t  g e n e r a l ly  i s  n o t  a s  p o o r ly  managed as was S a l in e  
W i ld l i f e  Management A rea p r i o r  to  i t s  p u rc h a se  by th e  L o u is ia n a  W ild 
L i f e  and F i s h e r ie s  Commission.
The u t i l i t y  l i n e  u sed  f o r  s tu d y  i n  w e s t L o u is ia n a  t r a v e r s e s  f i r s t  
and second  b o ttom s o f  th e  S ab ine  R iv e r  i n  Vernon P a r is h .  F i r s t  bo ttom s 
c o n ta in  s ta n d s  o f  A m erican b eech  ( Fagui gAandLfioZLa E h r h .) ,  m agnolia  
(MagnoZia gAandZ^ZoKa L . ) ,  w h ite  oaks (QueAcuA alba  L. and QuzA.au pAinuA 
L .)  and some s p e c ie s  o f  re d  o ak s . The second  bo ttom s c o n ta in  a  m ix tu re  
o f  l o b l o l l y  p in e  (PLnilA ta ed a  L .)  and hardw oods such  a s  h ic k o ry  ( CaAya 
s p p .)  and b la c k ja c k  oak (QueAcuA mcVuZandLca M uenchh.) on th e  d r i e r ,  
sandy  s i t e s .  The l o b l o l l y  i s  young and r e l a t i v e l y  sm a ll in  d ia m e te r  b u t  
q u i t e  t a l l .  There i s  e v id en c e  o f  r e c e n t  lo g g in g , b u t th e  a re a  i s  n o t a s  
m ismanaged as th e  o th e r s  a lre a d y  d is c u s s e d .  C a t t l e  g ra z in g  i s  f a i r l y  
heavy  b u t  does n o t  seem t o  b e  e x c e s s iv e .  The u n d e rs to ry  ra n g e s  from  
haw tho rns and swamp p r i v e t  on th e  w e t t e r  s i t e s  to  w axm yrtle (UyAtCd 
ceAifieAa L .)  and b e a u ty b e r ry  (CaZZZcaApa ameAicana L .)  on th e  d r i e r  s i t e s .
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C o n d itio n s  In  p o le s  conducive to  w oodpecker a t t a c k
S team in g , fo llo w ed  by a  p e r io d  o f  vacuum, I s  th e  e s ta b l i s h e d  
m ethod o f c o n d i t io n in g  g reen  o r  p a r t i a l l y  sea so n ed  s o u th e rn  p in e  
p o le s  f o r  c r e o s o t in g  (E d ison  E l e c t r i c  I n s t i t u t e  1 9 6 4 ). I f  th e  
s team in g  c o n d i t io n s  a re  to o  s e v e re , r in g  sh ak es  ( s e p a r a t io n s  betw een  
an n u al r in g s )  may develop  (MacLean 1 9 5 2 ). Examples a re  e v id e n t  in  
F ig u re s  13 and 14 . The p re sen c e  o f th e s e  sh ak es  ( o f te n  c a l l e d  b u r s t  
checks o r  s team  checks by tre a tin g -c o m p a n y  p e r s o n n e l)  can u s u a l ly  
be  d e te c te d  v i s u a l l y  by th e  p re sen c e  o f  a  l a r g e  ch eck  e x te n d in g  from  
th e  shake  t o  th e  o u te r  s u r fa c e  o f  th e  p o le .  I  had  o b se rv ed  th a t  
w oodpeckers seemed to  b e  a t t r a c t e d  t o  th o se  p o r t io n s  o f  th e  p o le s  
o v e r ly in g  su ch  s e p a r a t io n s  betw een th e  grow th r i n g s .
P r o c e d u r e s .—To t e 3 t  t h i s  h y p o th e s is  a l l  sh ak e s  w ere lo c a te d  in  
73 c re o so te d  p o le s  by o b se rv in g  th e  l a r g e  checks and a ls o  by ta p p in g  
th e  e n t i r e  p o le  w ith  a  hammer. A t o t a l  o f  326 sh ak es  w ere  found and 
t h e i r  p e r ip h e ry  d e l in e a te d  w ith  ro o f in g  ta c k s  so  th e y  co u ld  b e  d e te c te d  
from  th e  g ro u n d . The In c id e n c e  o f  damage to  th e  sh ak e  a re a s  on a  p o le  
was compared to  a  p re d e te rm in ed  a r e a  o f  e q u a l s i z e  o v e r ly in g  sound wood. 
The t e s t  was co nducted  in  two d i f f e r e n t  a r e a s :  i n  w e s t L o u is ia n a  a lo n g
th e  S ab ine  R iv e r  and i n  c e n t r a l  L o u is ia n a  a lo n g  Bayou Boeuf n e a r  
A le x a n d r ia .
1 2 3 4 5 6 7 8 9 10 11
F ig u re  13 . R ing shake in  c ro s s  s e c t io n  o f  u t i l i t y  p o le . Note 
check  e x te n d in g  o u t to  s u r f a c e .  (S c a le  in  in c h e s .)
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F ig u re  14. T h is 2 - in c h  th ic k  s la b  e x te n d in g  ov er h a l f  th e  le n g th
o f  th e  p o le  i s  p ro b ab ly  th e  r e s u l t  o f  t re a tm e n t- in d u c e d  
r in g  sh ak e . (S a l in e  W ild l i f e  Management A rea, L a S a lle  
P a r i s h ,  L o u is ia n a , 1 9 7 1 .)
R e s u lts  and d i s c u s s io n . — Of th e  33 p o le s  exam ined a lo n g  th e  S ab ine  
R iv e r , o n ly  th r e e  w ere f r e e  o f  sh a k e s . The rem a in in g  30 had 176 sh a k e s , 
o r  an av erag e  o f  5 .9  p e r  p o le .  Woodpecker damage to  th e  t r e a tm e n ts
i s  sum m arized i n  th e  t a b u l a t i o n :
T e s t a r e a s  on p o le s  





The t o t a l  amount o f  damage was i n s u f f i c i e n t  f o r  v a l i d  c o n c lu s io n s .
E ig h t o f  th e  p o le s  w ith  m arked sh ak es  (and  p a i r e d  sound a re a s )  w ere  
damaged. N ine o f  th e  176 m arked sh ak es  had  some d e g re e  o f  damage,
f ’
b u t th e re  was none on th e  p a i r e d  sound a r e a s .  Most o f  th e  damage was
m inor and c o n s is te d  o f  sh a llo w  c h ip p in g . The g r e a t e s t  damage was a
2 -  x  3 - in c h  h o le  e x te n d in g  3 in c h e s  tow ard  th e  c e n te r  o f  th e  p o le .
T here was a ls o  m in o r damage a t  11 s p o ts  n o t  i n  p a i r e d  a re a s  o f  th e  
s tu d y .
The low in c id e n c e  o f  a t t a c k  to  th e  p o le s  i s  u n e x p la in a b le .  P o le -  
damaging w oodpeckers w ere  abundan t in  th e  a r e a  b u t  f o r  some re a so n  w ere 
n o t p rone to  a t t a c k  p o le s .  One e x p la n a t io n  co u ld  be  th e  h e ig h t  o f  th e  
o v e rs to ry  a d ja c e n t  to  th e  u t i l i t y  l i n e .  F o r th e  m ost p a r t ,  th e  t r e e s
w ere much t a l l e r  th a n  th e  p o le s .  D uring  n e s t in g  sea so n s  P i l e a t e d  and
Red-headed W oodpeckers u s u a l ly  s e l e c t  s i t e s  q u i te  h ig h  from  th e  ground 
and w hich have good v a n ta g e  p o in t s .  In  t h a t  p a r t i c u l a r  a r e a  t r e e s  
would f u l f i l l  b o th  c r i t e r i a  b e t t e r  th an  p o le s .  However, I  l a t e r  o b serv ed  
h ig h  in c id e n ts  o f  w oodpecker damage to  u t i l i t y  l i n e s  in  a s im i la r  
h a b i t a t  in  e a s t  Texas and s o u th e rn  A rk an sas .
Damage p re s e n t  9
Damage a b s e n t  167
T o ta l  176
The second p a r t  o f  th e  ex p erim en t conducted  a lo n g  Bayou Boeuf 
n e a r  A le x a n d ria  was more f r u i t f u l .  Of th e  40 p o le s  exam ined f o r  th e  
t e s t ,  o n ly  s i x  w ere f r e e  o f  s h a k e s . The rem a in in g  34 had 150 s h a k e s ,
o r  an av e rag e  o f  4 .4  p e r  p o le .  (B ecause th e  l i n e  was e n e r g iz e d ,  o n ly
th o s e  sh ak es  below  th e  c ro ssa rm s w ere c o n s id e re d  s a f e  f o r  s tu d y .)
The 150 sh ak es  w ere p a i r e d  w ith  sound a re a s  o f  e q u a l s i z e  and s i m i l a r
lo c a t io n  as b e f o r e .  The r e s u l t s  a re  t a b u la te d  be low :
T e s t a re a s  on p o le s  
W oodpecker a t t a c k  Shake Sound To t a l
Damage p r e s e n t  52 1 53
Damage a b se n t 98 149 247
T o ta l  150 150 300
D uring th e  two y e a r s  o f  th e  t e s t ,  33 o f  th e  34 p o le s  w ith  m arked sh ak es  
(and  p a i r e d  sound a r e a s )  w ere damaged b y ■w oodpeckers . T here was 
e x c a v a tin g  i n  52 o f  th e  150 m arked s h a k e s , b u t  i n  o n ly  one o f th e  
m arked sound a r e a s .  A lthough m ost o f  th e  damage was m in o r , n in e  a re a s  
on s i x  p o le s  had  heavy  damage— th e  h o le s  ex ten d ed  i n t o  th e  m id -p o in t 
o f  th e  p o le s .
Not a l l  damage was a s s o c ia te d  w ith  m arked sh ak e  o r  s h a k e - f r e e  
a r e a s  (T ab le  2 ) .  T here w ere 98 s p o ts  damaged t h a t  w ere  n o t  i n  e i t h e r  
th e  marked shake  o r  s h a k e - f r e e  a r e a s .  T w en ty -e ig h t o f  th o se  w ere a t  
presum ed sh a k e s , on th e  b a s i s  o f  th e  p re se n c e  o f  b u r s t  checks (F ig u re  15) 
Those a re a s  w ere n o t  in c lu d e d  in  th e  fo rm al s tu d y  b e ca u se  th e y  w ere to o  
c lo s e  to  c o n d u c to rs  f o r  s a f e  work by r e s e a rc h  p e r s o n n e l .  The rem a in in g  
70 e x c a v a tio n s  w ere a t  lo c a t io n s  f r e e  o f  b u r s t  checks an d , h e n c e , 
p resum ab ly  f r e e  o f  i n t e r n a l  r in g  s e p a r a t io n s .
T ab le  2 . In c id e n c e  o f  w oodpecker damage to  40 c r e o s o te d  so u th e rn
p in e  t e s t  p o le s
Number o f  _________ Where damage o c cu rred _________
p a i r s  o f  Marked Marked Unmarked Unmarked 
P o le  sh ak e  and sh ak e  sound shake sound
number sound a re a s  a re a s  a re a s  a re a s_______a re a s _______T o ta l
1 4 2 0 3 0 5
2 1 1 0 0 0 1
3 4 3 0 0 0 3
4 6 1 0 0 0 1
5 5 5 0 4 3 12
6 2 1 0 0 3 4
7 0 0 0 0 3 3
8 4 4 0 1 1 6
9 7 1 0 0 2 3
10 3 3 0 0 0 3
11 10 3 0 0 1 4
12 3 0 0 0 0 0
13 9 1 0 0 0 1
14 .4 4 0 7 0 11
15 3 0 0 1 2 3
16 3 3 0 3 1 7
17 14 5 0 4 0 9
18 6 2 0 1 0 3
19 1 0 0 0 1 1
20 14 0 0 0 1 1
21 1 0 0 0 1 1
22 0 0 0 0 3 3
23 0 0 0 0 3 3
24 2 0 0 0 4 4
25 2 2 0 0 3 5
26 7 4 0 2 2 8
27 1 0 0 0 2 2
28 1 1 0 1 3 5
29 1 1 0 0 6 7
30 1 1 0 0 4 5
31 5 2 0 0 2 4
32 7 2 1 0 4 7
33 0 0 0 0 0 0
34 5 0 0 0 5 5
35 4 0 0 0 3 3
36 5 0 0 0 1 1
37 2 0 0 0 5 5
38 0 0 0 0 1 1
39 0 0 0 0 0 0
40 3 0 0 1 0 1
T o ta l  150 52 1 28 70 151
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F ig u re  15. B u rs t checks o f  t h i s  s i z e  ex ten d  inw ard to  a s e p a ra t io n  
betw een an n u al r i n g s .
I t  sh o u ld  be re c o g n ize d  t h a t  m ost o f  a  p o le  I s  f r e e  o f  sh a k e s , 
so  th e  71 damaged sound a re a s  r e p r e s e n t  a  much s m a l le r  in c id e n c e  o f  
a t t a c k  th an  th e  80 a re a s  w ith  sh ak e s  t h a t  w ere damaged. F o r exam ple, 
a  c l a s s  4 , 4 5 -fo o t p o le ,  w hich i s  th e  s i z e  o f  .th o se  used  in  t h i s  s tu d y , 
h a s  o v e r 100 sq u a re  f e e t  o f  t o t a l  s u r f a c e  a r e a .  However, s in c e  wood­
p e c k e rs  do n o t  n o rm a lly  i n f l i c t  damage to  th e  lo w er 8 l i n e a r  f e e t  above 
g ro u n d lin e , a  t o t a l  o f  ab o u t 70 sq u a re  f e e t  i s  a c t u a l l y  s u b je c t  to  
a t t a c k .  Shake a re a s  on th e s e  p o le s  av e rag e d  a b o u t 1 sq u a re  fo o t  
(6 x  24 in c h e s )  and th e r e  w ere  a b o u t f i v e  p e r  p o le  ( in c lu d in g  th o se  
t h a t  w ere n o t  m arked). C o n se q u e n tly , 5 sq u a re  f e e t  o f  th e  v u ln e ra b le  
p o le  s u r fa c e  w ere o v e r shake  a r e a s  le a v in g  a b o u t 65 sq u a re  f e e t  o v e r  
sound p o r t io n s  o f  th e  p o le .  The in c id e n c e  o f  a t t a c k  i n  t h i s  s tu d y , 
th e n ,  was ab o u t one p e r  2 .1  f e e t  o f  sh ak e  a r e a  b u t  o n ly  one p e r  3 1 .1  
f e e t  o f  sound a r e a .
Most of the  damage to  marked and unmarked shakes occurred during 
th e  f i r s t  n e s tin g  season. However, damage to  unmarked sound areas 
in c reased  more a f te r  th e  f i r s t  season . This i l l u s t r a t e d  fu r th e r  th a t  
woodpeckers were a t t r a c te d  to  shakes i n i t i a l l y .
Only a s u p e r f ic ia l  e f f o r t  was made to  determ ine the  species o f 
woodpeckers doing the  damage. As i s  o ften  th e  case , F ile a te d s  appear 
to  have s ta r te d  most o f th e  work w ith  Red-headed Woodpeckers moving 
in  l a t e r .  However, P ile a te d s  do no t seem to. be d riven  out as a r e s u l t  
o f com petition. In s tead , they  appear to  make many t e s t  probes and 
le a v e , and the  o p p o rtu n is tic  Red-heads a re  w il lin g  to  complete some of 
th ese  excavations.
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C o n c lu s io n s . — S in ce  i t  i s  a p p a re n t t h a t  w oodpeckers a r e  
a t t r a c t e d  to  s h a k e s , th e  param ount q u e s tio n  i s ,  w hat w ould b e  th e  
outcome i f  o n ly  s h a k e - f r e e  p o le s  w ere u sed  i n  a  u t i l i t y  l in e ?  On th e  
b a s i s  o f  t h i s  e x p e r im e n t, and o b s e rv a tio n s  on th e  amount o f  damage on 
C e llo n  p o le s  (13  w ith o u t sh a k e s )  u sed  in  a  l a t e r  e x p e r im e n t, i t  
ap p ea rs  t h a t  w oodpeckers w i l l  s t i l l  a t t a c k  p o le s .  However, th e  fo u r  
s h a k e - f r e e  c re o s o te d  p o le s  m en tioned  e a r l i e r  s u f f e r e d  m o s tly  s u p e r f i c i a l  
a t t a c k ,  th e  l a r g e s t  h o le  b e in g  a  2 -  x 2 - in c h  t e s t  p ro b e  1 in c h  d e e p .
P re v e n tin g  a t t a c k
P o le s  u sed  in  t e s t s  d e s ig n e d  to  p re v e n t w oodpecker damage w ere  
in  one o f  th e  fo llo w in g  c a te g o r ie s :  c o a te d , w rapped , t r e a t e d  w ith
v a r io u s  p r e s e r v a t iv e s ,  la m in a te d , m an u fac tu red  from  an  e s p e c i a l l y  
dense s p e c ie s  o f  t im b e r , o r  w ere  t r e a t e d  w ith  one o r  more o f  num erous 
ch em ica ls .
Fence p o s ts  w ere u sed  i n  some t e s t s  b ecau se  th e y  w ere much e a s i e r  
to  m a n ip u la te  and w ere much ch ea p e r th a n  p o le s .  A lso  th e  amount o f  
e x p e r im e n ta l m a te r ia l  n eeded  t o  c o a t a  p o s t  i s  i n s i g n i f i c a n t  when 
compared to  t h a t  f o r  a  p o le .  And, as  s t a t e d  e a r l i e r ,  L ad d er-b ack ed  
and G o ld e n -fro n te d  W oodpeckers r e a d i ly  damage fe n c e  p o s ts  i n  s o u th  
T exas.
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Comparison of Hard and Soft Fence Post8
S in ce  th e r e  m ust be some d eg ree  o f  h a rd n e ss  Im p e n e tra b le  by  
w oodpeckers , and I  had no Id e a  w hat t h a t  q u a n t i ty  w as, I  perfo rm ed  
an  ex p erim en t In  w hich 1 compared th e  In c id e n c e  o f  a t t a c k  to  h a rd  and 
to  s o f t  so u th e rn  p in e  fen ce  p o s t s .  I  was a l s o  I n t e r e s t e d  In  
d e te rm in in g  I f  w oodpeckers w ould show a  p re fe re n c e  f o r  s o f t e r  wood 
when g iv en  a  c h o ic e . I t  I s  known th a t  t h e r e  I s  c o n s id e ra b le  v a r i a t i o n  
In  th e  h a rd n e ss  o f  th e  s o u th e rn  p in e s .  However, s in c e  th e r e  I s  no 
s a t i s f a c t o r y  method o f  I d e n t i f y in g  th e  s p e c ie s  a n a to m ic a lly ,  th ey  a r e  
lumped and r e f e r r e d  to  as s o u th e rn  p in e .  I t  I s  p o s s ib le  t h a t  two o r  
th r e e  s p e c ie s  w ere In c lu d e d  In  th e  e x p e rim en t on e f f e c t  o f h a rd n e s s .
A ll  p o s ts  w ere  p u rch ased  from  one c re o s o t ln g  company, b u t  some had 
b een  on th e  y a rd  a p p ro x im a te ly  6 m onths w h ile  o th e r s  had  b een  t r e a t e d  
up to  18 m onths. No d i f f e r e n c e s  i n  h a rd n e ss  w ere a t t r i b u t e d  to  th e  
le n g th  o f  tim e  th e  p o s ts  had been  on th e  y a r d ,  a lth o u g h  m o is tu re  c o n te n t 
h a s  a  d r a s t i c  e f f e c t  on h a rd n e s s .
P ro c e d u re s . —H ardness v a lu e s  w ere d e te rm in e d  i n  th e  l a b o r a to r y  
f o r  102 c re o so te d  p o s ts  w hich w ere 4 .0  to  4 .5  in c h e s  in  to p  d ia m e te r  
and 6 .5  f e e t  lo n g . The h a rd n e ss  v a lu e s  r e p r e s e n t  th e  amount o f  fo r c e  
(pounds) n e c e s s a ry  to  embed a  0 .4 4 4 - in c h  " b a l l "  t o  a  d ep th  o f  o n e -h a lf  
i t s  d ia m e te r  i n to  th e  p o s t .  T h ree  m easurem ents w ere  ta k e n  120° a p a r t  
n e a r  th e  m idd le  o f  each  p o s t  and an a v e rag e  v a lu e  c a lc u la te d  f o r  t h a t  
p o s t .  The ran g e  o f  433 to  1 ,4 1 7  pounds ap p ro x im ated  a  norm al d i s t r i b u t i o n .  
Twenty o f  th e  s o f t e s t  p o s ts  (433 t o  777 pounds) and 20 o f  th e  h a r d e s t  
(1 ,1 3 0  to  1 ,417 pounds) w ere p a i r e d  f o r  t e s t i n g  a t  Laguna A ta sco sa
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N a tio n a l W i ld l i f e  R efuge. The amount o f  damage t o  th e  two ty p e s  o f  
p o s ts  was com pared u s in g  a  p a i r e d  t  t e s t .
The fo llo w in g  scheme was u sed  to  a p p ra is e  th e  amount o f  damage 
to  p o s ts  and p o le s  th ro u g h o u t th e  s tu d y :
V alue
0 No damage
1 Peck  marks
2 Check w ork o r  c h a n n e lin g
3 T e s t p ro b e  l e s s  th a n  1 in c h  inw ard
4 T e s t p ro b e  1 in c h  o r  more inw ard  b u t  w ith  -
no downward e x c a v a tio n
5 Downward e x c a v a tio n  l e s s  th a n  2 in c h e s
6 Downward e x c a v a tio n  g r e a te r  th a n  2 in c h e s ,  o r
com pleted  c a v i ty
When more th a n  one c a te g o ry  o f  damage was p r e s e n t  on an e x p e r im e n ta l  
u n i t ,  th e  damage v a lu e s  w ere  added to  g iv e  an o v e r a l l  damage in d e x .
I  re c o g n iz e  t h a t  a  com pleted  c a v i ty  i s  more th a n  s i x  tim es  as  d e t r im e n ta l  
as peck  m arks. However, th e  e v a lu a t io n  seemed s u f f i c i e n t .
R e s u lts  and d i s c u s s io n . —The p o s t  a rra n g em en t, h a rd n e s s , and t o t a l  
amount o f  damage on th e  20 p a i r s  a re  p re s e n te d  in  T ab le  3 . Twelve o f  
th e  h a rd  p o s ts  and 16 o f  th e  s o f t  w ere a t ta c k e d .  By u s in g  th e  damage 
r a t i n g  scheme l i s t e d  abo v e, a  v a lu e  o f  56 was c a lc u la te d  f o r  th e  h a rd  
p o s ts  and 96 f o r  th e  s o f t .  The d i f f e r e n c e  was n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t  (P > .0 5 ) .
A lso , on th e  chance t h a t  th e  amount o f  m inor damage may be  c o n c e a lin g  
a  d i f f e r e n c e  i n  s e v e re  damage betw een  th e  t r e a tm e n ts ,  a s e p a r a te  a n a ly s is  
was made u s in g  o n ly  p o s ts  c o n ta in in g  damage v a lu e s  o f  4 , 5 ,  o r  6 . A 
t  t e s t  s t a t i s t i c  o f  1 .1 6  was c a lc u la te d  w hich i s  o b v io u s ly  n o t  s i g n i f i c a n t .
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T able  3. Amount o f  w oodpecker damage to  20 h a rd  and 20 s o f t  fen ce
p o s ts  a f t e r  5 y e a r s ' ex p o su re
P a i r  P o s t  
number number H ardness
T o ta l
damage
-P a ir  P o s t 
number number H ardness
T o ta l
damage
Pounds In d ex  v a lu e . Pounds In d ex  v a lu e
1 7 730 (S) 7 11 5 733 (S) 6
26 1417 (H) 12 85 1153 (H) 0
2 70 1197 (H) 15 12 4 720 (S) 0
44 767 (S) 0 60 1393 (H) 0
3 9 637 (S) 1 13 91 660 (S) 4
36 1390 (H) 0 14 1293 (H) 0
4 84 753 (S) 3 14 42 747 (S) 0
23 1163 (H) 0 59 1200 (H) 0
5 50 1157 (H) 1 15 12 700 (S) 4
37 747 (S) 3 49 1328 (H) 2
6 69 1190 (H) 5 16 20 710 (S) 10
64 700 (S) 6 54 1130 (H) 0
7 94 657 (S) 11 17 58 1263 (H) 5
73 1417 (H) 8 75 777 (S) 11
8 82 717 (S) 10 18 19 1193 (H) 4
22 1170 (H) 1 83 630 (S) 7
9 33 1260 (H) 1 19 68 717 (S) 4
11 433 (S) 6 67 1377 (H) 1
10 62 733 (S) 0 20 46 773 (S) 3
87 1337 (H) 0 90 1163 (H) 1
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The amount o f damage in c re a s e d  o v e r  th e  5 -y e a r  p e r io d  o f  th e  
s tu d y , b u t n o t c o n s i s t e n t ly  (T ab le  4 ) .  A t th e  tim e  o f  th e  f i r s t  
o b s e rv a tio n  th e  p o s ts  had b een  in  t e s t  a b o u t 8 m onths. In  th e  f a l l  
o f  1967 a  se v e re  h u r r ic a n e  s t r u c k  th e  s tu d y  a re a  and a p p a re n tly  
red u ced  th e  w oodpecker p o p u la t io n ,  a s  s e e n  by  th e  low r a t e  o f  w oodpecker 
damage s h o r t ly  a f t e r  t h a t  t im e . E v id e n t ly  as  th e  p o p u la t io n  in c r e a s e d ,  
th e  r a t e  o f  damage a ls o  in c r e a s e d .
C o n c lu s io n s . —Two im p o r ta n t f a c t s  w ere  o b ta in e d  i n  t h i s  
e x p e rim en t. F i r s t ,  th e r e  i s  n o t a  n a t u r a l  h a rd n e ss  in  th e  so u th e rn  
p in e s  s u f f i c i e n t  to  d e t e r  w oodpecker a t t a c k .  (T h is  i s  d is c u s s e d  
f u r t h e r  i n  a  t e s t  w ith  p o l e s . )  And se c o n d , damage does n o t  o ccu r f o r  
a  s h o r t  tim e  and th e n  drop  o f f  m arked ly  a s  r e p o r te d  in  th e  l i t e r a t u r e ;  
i n  t h i s  t e s t  i t  in c re a s e d  c o n s id e ra b ly  i n  th e  l a s t  two y e a r s .
C oated Fence P o s ts
Not o n ly  i s  th e re  a  h a rd n e ss  t h a t  w oodpeckers can n o t p e n e t r a te ,  
a lth o u g h  th a t  h a rd n e ss  does n o t  o c c u r  n a t u r a l l y  i n  s p e c ie s  o f  tim b e r  
u sed  f o r  p o le s ,  th e r e  i s  a l s o  a  sm oothness th e y  can n o t c l in g  to .
C o a tin g s  w ere s e le c te d  and a p p l ie d  to  fe n c e  p o s ts  to  p ro v id e  f u r t h e r  
in fo rm a tio n  on q u a l i t i e s  o f  sm oothness and h a rd n e ss  n e c e s s a ry  f o r  
r e p e l le n c y .
P ro c e d u re s . — F i f t y  fe n c e  p o s ts  w ith  f i v e  tre a tm e n ts  r e p l i c a t e d  
i n  10 b lo c k s  w ere u sed . The p o s ts  w ere  e r e c te d  a t  Laguna A ta sco sa  
N a tio n a l  W ild l i f e  R efuge. Spacing  be tw een  p o s ts  was ap p ro x im a te ly  
50 y a rd s .  A d e s c r ip t io n  o f  th e  t r e a tm e n ts  fo l lo w s :
T ab le  4 . In c re a s e  in  amount o f  w oodpecker damage to  20 
h a rd  and 20 s o f t  fen ce  p o s ts  d u rin g  
th e  5 -y e a r  p e r io d  o f  th e  s tu d y
D ate o f  
o b s e r v a t io n
Amount o f  dam agel/
On h a rd  
p o s ts
On s o f t  
p o s ts T o ta l
8 /1 3 /6 7 ^ 12 28 40
2 /7 /6 8 • 13 37 50
4 /2 3 /6 8 13 38 51
2 /1 2 /6 9 13 49 62
5 /2 7 /7 0 30 85 115
3 /2 2 /7 2 56 96 152
—̂ Based on r a t i n g  scheme shown on page 51.
)
—̂ The p o s ts  had  been  in  t e s t  e ig h t  months a t  th e  tim e  o f 
th e  f i r s t  o b s e r v a t io n .
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1 . 10 p o s t s  c o a te d  w ith  Epibond 8083, a  tw o - p a r t ,  n o n flow ing  
epoxy fo rm u la te d  f o r  bonding m e ta l s u r f a c e s  even  when a  s l i g h t  
f i lm  o f  o i l  I s  p r e s e n t .  C uring tim e  I s  24 to  36 h o u rs  and 
r e s u l t s  In  a  h a r d ,  smooth c o a t in g .
2 . 10 p o s t s  c o a te d  w ith  W e y -f il, a  tw o -p a r t  n o n flo w in g  epoxy used  
by W eyerhaeuser Company in  th e  m a n u fa c tu re  o f  plyw ood. C uring  
o c c u rs  w i th in  10 to  15 m inu tes w ith  a  h a r d ,  somewhat g ra in y  
s u r f a c e  th e  r e s u l t .
3 . 20 p o s t s —10 each  co a ted  w ith  th e  two e p o x ie s  m en tioned  above 
p lu s  a  c o a tin g  o f  f in e ly  crushed  ro c k s .  The ro c k s  w ere washed 
and s i f t e d  be tw een  No. 4 and No. 8 s c r e e n s  (o p en in g s  o f  0 .1 8 7  
in c h  and  0 .0787  in c h ) .  A f te r  th e  a p p l i c a t i o n  o f  Epibond and 
W e y f il , b u t  p r i o r  to  t h e i r  c u r in g , th e  p o s t s  w ere  p la c e d  in  
round  c y l in d e r s  8 in c h e s  in  d ia m e te r  and 4 f e e t  in  l e n g th ,  
and th e  ro ck s  p o u red  in  around th e  p o s t s .  A f t e r  th e  e p o x ie s  
c u re d , th e  c y l in d e r  was removed, th e  s u r p lu s  ro c k s  p e rm itte d
to  f a l l  away, and a coating of rocks was re ta in e d  in  th e  adhesive.
4 . 10 p o s ts  w ith  no c o a tin g  u sed  a s  c o n t r o l s .
The amount o f damage to  the  treatm ents was compared by using the  ra t in g  
scheme mentioned e a r l i e r .
R e s u l ts  and d i s c u s s io n . — C oated fe n c e  p o s ts  w ere In  t e s t  f o r  
s l i g h t l y  o v e r  5 y e a r s .  D uring  th a t  p e r io d  o n ly  e ig h t  o f  th e  50 p o s ts  
w ere  dam aged, and th e  m ost s e r io u s  damage was a  t e s t  p ro b e  3 In ch es  
in w a rd . The fo llo w in g  t a b u la t io n  shows th e  number o f  p o s ts  damaged 
i n  e ac h  t r e a tm e n t :
T rea tm en t No. o f  p o s ts  damaged
C o n tro l 2
Epibond 4
W e y -f il  2
Epibond and ro c k s  0
W e y -f il  and ro c k s  0
T o ta l  8
The la c k  o f  damage on th e s e  p o s ts  i s  p u z z l in g ,  s in c e  th e  p o s ts  
u sed  i n  .th e  h a rd n e ss  t e s t  w ere lo c a te d  n e a rb y  i n  th e  same h a b i t a t  
and o v e r  h a l f  o f  them  w ere damaged. F u r th e rm o re , m ost o f  th e  c o a tin g s  
had  d e t e r i o r a t e d  b a d ly  by  th e  end o f  th e  s tu d y  and w ould have o f f e r e d  
no b a r r i e r  to  w oodpeckers . D e g rad a tio n  was g r e a t e s t  to  th o se  c o a tin g s  
w i th o u t  ro c k s . However, d u r in g  th e  f i f t h  y e a r  th e  tre a tm e n ts  w ith  
ro c k s  d e t e r i o r a t e d  a l s o .  Round, c r e o s o te d  s u r f a c e s  a r e  v e ry  d i f f i c u l t  
to  c o a t  b e c a u se  o f  c o n f ig u r a t io n  and th e  o i l y  e x t e r i o r .  On th e  b a s i s  
o f  th e  s m a ll amount o f  damage, any a n a ly s i s  o f  th e  d a ta  would b e  o f  
d o u b tf u l  v a lu e .
C o n c lu s io n s . —W ith th e  e x c e p tio n  o f  in fo rm a tio n  on th e  d u r a b i l i t y  
o f  th e  c o a t in g s ,  l i t t l e  w o rth -w h ile  in fo rm a tio n  was o b ta in e d .
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C o a tin g s  and W rappings on Round P o le s
R esearch  in  t h i s  a r e a  in v o lv e d  s e v e r a l  t e s t s  w ith  c o a t in g s  
( m a te r ia l s  a p p l ie d  d i r e c t l y  end bonded to  th e  p o le s )  and w rapp ings 
( m a te r ia ls  n o t bonded to  th e  p o le s  b u t  h e ld  in  p la c e  by t a c k s , n a i l s ,  
o r  an o v e r la p p in g  bond to  i t s e l f ) .
P ro c e d u re s . — Experim ent A was a  2 x  2 x  2 f a c t o r i a l  a rran g em en t 
o f  t r e a tm e n ts  w ith  a l l  com b in a tio n s  o f  two b a s i c  p o le  c o n d i t io n s  
(p o le s  w ith  and w ith o u t s h a k e s ) ,  two c o a t in g  c o n d i t io n s  (c o a te d  o r  
n o t  c o a te d ) , and two decoy c o n d it io n s  (p re se n c e  o r  a b s e n c e ) . A t o t a l  
o f  56 c la s s  2 , 5 0 - fo o t  s o u th e rn  y e llo w  p in e  p o le s  was u s e d . The e ig h t  
t re a tm e n ts  w ere r e p l i c a t e d  seven  tim es  in  a  random ized  b lo c k  d e s ig n .
Shakes w ere  n o t m arked w ith  ta c k s  a s  was done p r e v io u s ly ;  in s t e a d  th e  
e n t i r e  p o le  was c o n s id e re d  to  h a v e , o r  to  b e  f r e e  o f ,  s h a k e s . Tw enty- 
s i x  p o le s  w ere  k i l n - d r i e d  p r i o r  to  c re o s o t in g  in  an u n s u c c e s s fu l  a t te m p t 
to  a v o id  i n t e r n a l  r in g  sh a k e s . The rem a in in g  30 w ere s te a m -c o n d itio n e d  
and c re o s o te d  i n  th e  c o n v e n tio n a l m anner. R e te n tio n  o f  c r e o s o te  in  
each  p ro c e s s  was 10 pounds p e r  cu b ic  fo o t  o f  wood. Seven o f  th e  p o le s  
ap p eared  to  be  f r e e  o f  sh a k e s ; th e  o th e r  49 av erag ed  56 sh ak es  p e r  p o le .  
S in ce  28 o f  th e  p o le s  w ere used  as  "no s h a k e s ,"  and t h i s  c o n d i t io n  was 
n o t met i n  th e  m an u fac tu r in g  p ro c e s s ,  p ie c e s  o f  2 x  2 h a rd w are  c lo th  
w ere  used  to  m e c h a n ic a lly  p re v e n t th e  w oodpeckers from  a t ta c k in g  th o se  
s p o t s .  F o r s t a t i s t i c a l  e v a lu a t io n ,  p ie c e s  o f  ha rd w are  c lo th  w ere 
s ta p l e d  o v e r  com parable a re a s  on sound p o le s .
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On 28 o f  th e  p o le s ,  a  c o a l  ta r -e p o x y  c o a t in g  (K oppers1 300-41) 
was a p p l ie d  to  th e  top  35 f e e t .  A pprox im ate ly  7 to  8 f e e t  o f u n co a ted  
p o le  w ere  exposed  above g ro u n d lin e , b u t a t t a c k  th a t  low i s  v e ry  r a r e .
The c o a t in g  had p ro duced  a  h a r d ,  smooth s u r f a c e  when a p p lie d  to  8 - f o o t  
s e c t io n s  by  te c h n ic ia n s  o f  Koppers Company. However, a  sp ra y  a p p l i c a t io n  
to  c re o s o te d  p o le s  in  d i r e c t  s u n l ig h t  d id  n o t  p ro v e  s a t i s f a c t o r y .  
Im m ed ia te ly  a f t e r  a p p l ic a t io n  th e  c re o s o te  began  b u b b lin g  o u t th ro u g h  
th e  u n cu red  c o a t in g  and p roduced  num erous sm a ll h o le s ,  r e s u l t i n g  in  a  
rough s u r f a c e . .  The f a u l t y  c o a tin g  was s c ra p e d  from  th e  p o le s ,  a  
s h e l t e r  e r e c te d  f o r  s h a d e , and a  new c o a t in g  a p p lie d  w ith  b ru s h e s .
T his a p p l i c a t io n  ap p ea red  co m p le te ly  s a t i s f a c t o r y  u n t i l  th e  p o le s  w ere 
e r e c te d ,  when some b le e d in g  o c c u r re d . Touch-up w ork was n e c e s sa ry  to  
r e p a i r  damage i n f l i c t e d  d u r in g  t r a n s p o r t  and p la ce m e n t.
A n o th er f e a tu r e  o f  t h i s  ex p erim en t was an  a tte m p t to  d i r e c t  b i r d s '  
a c t i v i t y  away from  a p o le  to  a  much ch eap e r decoy . A c co rd in g ly , on 28 
o f  th e  p o le s  (14 c o a te d  and 14 u n c o a te d ) , a  7 - f o o t  c re o so te d  s e c t io n  o f  
cottonw ood ap p ro x im a te ly  12 in c h e s  i n  d ia m e te r  was b o l te d  to  e ac h . The 
to p  o f  th e  s e c t io n  was 10 f e e t  down from  th e  to p  o f  th e  p o le ,  a  lo c a t io n  
b e l ie v e d  to  be  m ost conducive  to  w oodpecker a t t a c k  (F ig u re  1 6 ). A 4 - d i g i t  
numbered ta g  was a f f ix e d  t o  each  p o le .  The f i r s t  d i g i t  d en o ted  th e  
b lo c k  num ber, and th e  o th e r  th r e e  th e  p re se n c e  o r  ab sen ce  o f  sh a k e s , 
c o a tin g  and decoy in  t h a t  o rd e r ;  a  "1 "  s i g n i f i e d  p re se n c e  and "2" a b se n c e . 
For i n s t a n c e ,  p o le  #4121 was i n  th e  fo u r th  b lo c k , i t  c o n ta in e d  sh a k e s , 
d id  n o t  have  a  c o a t in g ,  b u t  d id  have  a  decoy . A ll  p o le s  w ere p la c e d  on 
S a lin e  W ild l i f e  Management A rea a t  i n t e r v a l s  o f  ap p ro x im a te ly  tw o -te n th s  
o f  a  m ile  a p a r t ,  o r  ro u g h ly  tw ice  th e  d is ta n c e  n o rm a lly  used by u t i l i t y  
com panies. T h is sp a c in g  was b e l ie v e d  s u f f i c i e n t  to  m inim ize an in d iv id u a l
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F ig u re  16. Decoys w ere mounted on p o le s  a t  th e  m ost s u s c e p t ib le  
h e ig h t  to  a t t r a c t  w oodpeckers. (S a l in e  W ild l i f e  
Management A rea, L a S a lle  P a r i s h ,  L o u is ia n a , 19 6 9 .)
b i r d  h a v in g  a c h o ic e  o f  p o le s  o r  t r e a tm e n ts .  The random assig n m en t o f  
t r e a tm e n ts  w i th in  b lo c k s  i s  shown i n  T ab le  16 , page 130.
A f te r  i t  was a p p a re n t t h a t  i t  would be  d i f f i c u l t  to  c o a t  c re o so te d  
p o le s , 14 C e llo n  p o le s  w ere o b ta in e d  and a  c o a t in g .a p p l ie d  to  them .
(T h is  p o r t i o n  w i l l  b e  r e f e r r e d  to  a s  E xperim ent B ). C e llo n  p ro c e sse d  
p o le s  a r e  im p reg n a ted  w ith  p e n ta c h lo ro p h e n o l in  a  l i q u e f i e d  a lk an e  
c a r r i e r .  The end r e s u l t  i s  a  d e a n ,  n o n o ily  p ro d u c t s u i t a b l e  f o r  
p a in t in g .  K o p p ers ' 300-M was a g a in  u sed  as th e  c o a t in g .
On sev en  o f  th e  14 c la s s  2 , 5 0 -£ o o t so u th e rn  p in e  p o le s  th e  to p  35 
f e e t  w ere  c o a te d . The o th e r  seven  w ere  n o t c o a te d  and s e rv e d  as c o n tr o ls  
P o le s  w ere  p la c e d  i n  S a l in e  W i ld l i f e  Management A rea a t  d is ta n c e s  o f  
tw o - te n th s  o f  a  m ile  a p a r t .  The amount o f  damage (a s  c a lc u la te d  from  
th e  scheme p r e s e n te d  e a r l i e r )  was e v a lu a te d  w ith  a  p a i r e d  t  t e s t .
E x p erim en t C in v o lv e d  a  f u r t h e r  t e s t  w ith  th e  56 p o le s  u sed  in  
E xperim en t A. Two new c o n c e p ts  w ere  in tro d u c e d :  a  p o ly u re th a n e  wrap 
was u sed  and h o llo w e d -o u t s e c t io n s  o f  w h ite  p in e  (P/tno4 A & w buA  L .)  w ere 
s u b s t i t u t e d  f o r  th e  cottonw ood d eco y s . The w rap , a  ru b b e r  l i k e  p o ly e th e r  
b a se d  p o ly u re th a n e  p ro d u ced  by  th e  B. F . G oodrich Company, was a p p lie d  
to  th e  to p  35 f e e t  o f  th e  5 0 -fo o t p o le s .  The m a te r ia l  was s ta p le d  to  th e  
p o le s ;  s e v e r a l  p ie c e s  w ere  a p p lie d  i n  bands from  th e  to p s  o f  th e  p o le s  
downward.
A lso , 7 - f o o t  s e c t io n s  o f  c re o s o te d  w h ite  p in e ,  12 to  15 in c h e s  
in  d ia m e te r ,  w ere  b o l t e d  on 28 o f t h e  p o le s  (14 w rapped and 14 unwrapped) 
The s e c t io n s  had  b een  q u a r te r - s a w n , a  2 - f o o t  lo n g  p o r t i o n  o f  wood removed 
from  th e  c e n te r  o f  each  q u a r t e r ,  and  th e  p ie c e s  g lued  b a c k  to g e th e r  in  
a  m anner c o n c e a lin g  th e  i n t e r n a l  c a v i ty  (F ig u re  1 7 ) . They w ere a t ta c h e d  
10 f e e t  down from  th e  to p s  o f  th e  p o le s .
61
F ig u re  17. S e c tio n s  o f  w h ite  p in e  w ere q u a r te r e d ,  two f e e t  o f  wood 
c h is e le d  o u t o f  each q u a r t e r ,  and th e  fo u r  p ie c e s  la m i­
n a te d  to g e th e r  so t h a t  th e  i n t e r n a l  c a v i ty  was i n v i s i b l e .
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E xperim en t D was a  f u r t h e r  e v a lu a tio n , o f  c o a tin g s  on C e llo n  p o le s .
I t  a l s o  in c lu d e d  an a b o r t iv e  a tte m p t to  e v a lu a te  lam in a ted  p o le s — a b o r t iv e  
b e ca u se  v a n d a ls  c u t  down and removed fo u r  o f  th e  s ix  p o le s  in  th e  
t e s t .  S even ty -tw o  c la s s  5 , 4 5 -fo o t s o u th e rn  p in e  p o le s  w ere p la c e d  i n  
good w oodpecker h a b i t a t  in  S a l in e  W ild l i f e  Management A rea.
T here  w ere  sev en  b ru sh -o n  c o a tin g s  in c lu d e d  i n  th e  e x p e r im e n t, 
each  o f  w hich had  b een  exposed  in  p r i o r  s m a l l - s c a le  fen ce  p o s t  t e s t s .
Some o f  th e  m a te r ia l s  w ere s e le c te d  p r im a r i ly  f o r  h a rd n e ss ; o th e r s  
w ere chosen  f o r  sm oo thness. D u r a b i l i ty  and econom ics w ere c o n s id e re d , 
a l s o .  A b r i e f  d e s c r ip t i o n  o f  each  t r e a tm e n t fo llo w s :
1 . P o ly e s te r — t h i s  i s  th e  l i q u i d  component t h a t  i s  a p p lie d  w ith  
c lo th  when f ib e r g l a s s in g .
2 . K o ppers ' 200 epoxy— a b lu e -g ra y  epoxy b u t a v a i l a b le  i n  o th e r  
c o lo r s .
3 . B a k e r 's  EC-167 and c h e e s e c lo th — a  V in y l u re th a n e  c o a tin g  d ev elo p ed  
to  m eet th e  re q u ire m e n ts  o f  th e  Am erican Plywood A s s o c ia t io n  f o r  
E x te r io r  Sanded and Medium D e n s ity  o v e r la id  plywood. C heese­
c lo th  was u sed  to  b r id g e  th e  w e a th e r  ch eck s .
4 . B. F . G o o d ric h 's  0500 BH 176— a tw o -p a r t  epoxy a d h es iv e  u sed  
f o r  bon d in g  m e ta l ,  g l a s s ,  c e ram ic , wood, e t c .
5 . B. F . G o o d ric h 's  7802— an e la s to m e r ic  p o ly u re th a n e  recommended 
f o r  use  w here a  tough a b r a s i o n - r e s i s t a n t  c o a tin g  i s  d e s i r e d .
I t  i s  u sed  f o r  c o a tin g  au to m o tiv e  and m arine ru b b e r  goods.
6 . F ib e r g la s s — f ib e r g l a s s  c lo th  and p o ly e s t e r  make up th e  co m p le te  
t r e a tm e n t u sed  when c o v e r in g  b o a t s ,  r e p a i r in g  f i b e r g l a s s  a u to ­
m o b ile  f e n d e r s ,  e t c .  F o r v e ry  sm ooth f in i s h e s  a  l a y e r  i s  a p p l ie d ,  
san d ed  a f t e r  i t  has c u re d , and th e n  a n o th e r  la y e r  a p p l ie d .
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7. W ey e rh aeu se r 's  W ey -fil— an epoxy u sed  in  th e  m a n u fa c tu re  o f  
plyw ood. I t  h as  some prom ise as a  w oodpecker h o le  f i l l e r  
s in c e  i t  r e s to r e s  some s t r e n g th  to  p o le s  th ro u g h  i t s  a d h es iv e  
p r o p e r t i e s .
8 . C o n tro l—an uncoated  C ello n  p o le .
C o a tin g s  w ere a p p lie d  o n ly  to  th e  to p  30 f e e t .  A pp ro x im ate ly  
5 .5  f e e t  o f -e a c h  p o le  were p la c e d  in  th e  g ro u n d , so  th e r e  was an 
exposed  u n t r e a te d  s e c t io n  o f  8 to  10 f e e t .
In  a d d i t io n  to  th e  C ello n  p o le s ,  t h e r e  w ere s i x ,  4 0 - f o o t ,  
a p p ro x im a te ly  8 - in c h  sq u a re , la m in a ted  p o le s  t h a t  w ere f u r n is h e d  by 
W eyerhaeuser Company. Three w ere t r e a t e d  w ith  p e n t a - o i l  and th e  o th e r s  
by  th e  Chem onite p ro c e s s ,  a  p a te n te d  p ro c e s s  u s in g  am m oniacal copper 
a r s e n i t e  (ACA). A ll  w ere made from D o u g la s - f i r  [P&2.udot&uga. m enzi& i'O t 
(M irb . )  F ra n c o . ] .
The p o le s  w ere spaced  a p p ro x im a te ly  o n e - te n th  o f  a  m ile  a p a r t  a long  
th e  edge o f  a  4 0 -fo o t fen ce  r ig h t-o f -w a y . Each p o le  was num bered w ith  
a  p l a s t i c  ta g  ap p ro x im a te ly  6 f e e t  above g ro u n d lin e .  The ta g  c o n ta in e d  
a  number t h a t  re p re s e n te d  th e  b lo c k  and a  l e t t e r  d e n o tin g  th e  t r e a tm e n t .  
T rea tm en t l e t t e r s  co rresponded  to  th o se  l i s t e d  abo v e. F o r i n s ta n c e ,
"1A" r e f e r r e d  to  th e  f i r s t  b lo c k  and th e  p o le  was c o a te d  w i th  p o ly e s t e r .
The t r e a tm e n ts  were b lo c k ed  to  p e rm it i s o l a t i o n  o f  v a r i a t i o n  due to  
l o c a t io n .  There w ere n in e  b lo c k s  w ith  th e  e ig h t  t r e a tm e n ts  a ss ig n e d  
a t  random w ith in  each  b lo c k . The a rrangem en t o f  p o le s  i s  shown In  
T ab le  17 . The amount o f  damage b ased  on th e  damage v a lu e  in d e x  was th e  
c r i t e r i o n  f o r  com parison .
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A nother w rap , a  p r o p r ie t a r y  p ro d u c t c a l l e d  Vaughn B a r-B ird  P o le  
S h ie ld s , was t e s t e d  s e p a r a te ly  in  S a l in e  W ild l i f e  Management A rea .
The s h ie ld s  a r e  made from  p o ly e th y le n e  p l a s t i c  and a re  m an u fac tu red  i n  
1 6 - fo o t  l e n g th s ,  i n  w id th s  o f  1 0 .5  o r  14 in c h e s i  The s t r i p s  a re  s p i r a l l y  
w rapped from  th e  to p  o f  a  p o le  downward, w ith  th e  low erm ost w ind ing  
pushed up u n d e r th e  f la n g e  o f  th e  p re c e d in g , th u s  p re v e n tin g  w oodpeckers 
from  o b ta in in g  a  to e h o ld . S ix te e n  c re o s o te d  s o u th e rn  p in e  p o le s —  
e ig h t  c l a s s  5 ,  4 5 - f o o te r s  i n  a  low v o l ta g e  d i s t r i b u t i o n  l i n e  and e ig h t  
c la s s  2 ,  5 0 - f o o te r s  w ith  no a tta c h m e n ts —w ere w ra p p e d . The amount o f  
damage was com pared to  c o n t r o l s  in  th e  a r e a .
R e s u lts  and d i s c u s s io n . — Shown in  T ab le  5 i s  th e  amount o f  
w oodpecker damage on th e  56 p o le s  i n  t e s t  to  d e te rm in e  th e  e f f e c t  o f  
sh a k e , c o a t in g ,  and decoys (E xperim en t A ). T h i r ty - f o u r  o f  th e  p o le s  
had some d e g re e  o f  a t t a c k  a f t e r  15 m onths; 11 o f them c o n ta in e d  com pleted  
c a v i t i e s .  The m ost p r e v a le n t  damage— c a te g o ry  4— c o n s is te d  o f  s m a ll ,  
sh a llo w  h o le s  t h a t  e x te n d  1 in c h  o r  more inw ard  b u t  w ith  no downward 
e x c a v a tio n . T hese ap p ea r to  be  t e s t  p ro b e s , s in c e  s e v e r a l  o f  them w ere 
made b e fo re  a  l a r g e  c a v i ty  was s t a r t e d .  T here w ere 13 s e v e re  
e x c a v a tio n s — c a te g o r ie s  5 and 6— on 13 p o le s ;  no p o le  had  more th an  one 
com ple ted  o r  n e a r ly  com pleted  c a v i ty .  The m inor damage av erag ed  abou t 
th r e e  in c id e n c e s  o f  a t t a c k  p e r  p o le .
The damage in d e x  p e r  p o le  v a r ie d  from  0 to  78 w ith  a  t o t a l  o f  
507 (T ab le  6 ) .  These d a ta  w ere e v a lu a te d  w ith  an a n a ly s is  o f  v a r ia n c e  
(T ab le  18 , p .  1 3 3 ); co a ted  p o le s  w ere damaged l e s s  th a n  u n co ated  p o le s ,  
and p o le s  w ith  decoys w ere a ls o  damaged l e s s  th a n  p o le s  w ith o u t decoys.
The e f f e c t iv e n e s s  o f  th e  decoys in  re d u c in g  t o t a l  damage was n o t in  th e
T able  5 . In c id e n c e  o f w oodpecker damage, p e r  damage v a lu e  
c a te g o r i e s ,  on 56 c re o s o te d  t e s t  p o le s
Damage
c a te g o ry
P o le s  w ith  t h a t  
ty p e  o f  dam agel./









T o ta l ( 2 / ) 165
—̂ T h ir ty - f o u r  o f  th e  56 p o le s  had  some damage.
2/—' Sum i s  o f  no m eaning s in c e  many p o le s  had more th a n  
one c a te g o ry  o f  damage.
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T ab le  6 . Damage in d e x -  f o r  e ig h t  t re a tm e n ts  in  p o le - c o a t in g  s tu d y
T rea tm en ts 1 2 3
b lo c k s
4 5 6 7 T o ta l
S h a k e -c o a tin g -d ec o y 0 0
--Damage in d e x — 
0 1 0 6 0 7
S h a k e -c o a tin g -n o  decoy 2 6 0 5 10 0 0 23
Shake-no c o a tin g -d e c o y 19 25 0 17 13 8 0 82
Shake-no c o a tin g -n o  decoy 35 11 4 4 16 33 7 110
No sh a k e -c o a tin g -d e c o y 0 6 0 0 0 0 0 6
No sh a k e -c o a tin g -n o  decoy 8 0 0 0 0 0 0 8
No sh ak e -n o  c o a tin g -d e c o y 3 12 2 9 9 7 28 70
No sh ak e-n o  c o a tin g -n o  decoy 19 31 78 30 18 17 8 201
T o ta l 86 91 84 . 66 66 71 43 507
—̂ T his r e p r e s e n ts  th e  sum o f  th e  damage v a lu e s ,  w hich  w ere  b a sed  
on in c id e n c e  o f a t t a c k  x  th e  a s s ig n e d  v a lu e  f o r  t h a t  ty p e  o f  damage.
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manner a n t i c ip a te d .  They w ere in c lu d e d  to  a t t r a c t  b i r d s  and th e re b y  
p re v e n t damage to  th e  p o le s .  However, o n ly  th r e e  o f  th e  28 decoys w ere 
a t ta c k e d ,  and damage was m inor i n  a l l  c a s e s ;  b i r d s  pecked around  th e  b o l t s  
u sed  to  a t t a c h  th e  decoy s e c t io n s  to  th e  p o le s .  I t  ap p ea red  t h a t  th e  
decoys fu n c tio n e d  as  sca re c ro w s  i n  re d u c in g  a t t a c k .  I f  in d e ed  t h a t  was 
th e  fu n c t io n  o f  th e  d e co y s , t h e i r  e f f e c t iv e n e s s  would be  o f  dub ious 
v a lu e , b ecau se  th e  e f f e c t iv e n e s s  on b i r d s  o f  s c a r in g  d e v ic e s  i s  u s u a l ly  
s h o r t  l i v e d .
There was no d i f f e r e n c e  in  amount o f  damage on p o le s  w ith  o r  
w ith o u t sh a k e s . But m ost o f  th e  damage to  p o le s  w ith  shakes o c c u r re d  
a t  th e  a re a s  o v e r ly in g  th e  s h a k e s . As i n  an e a r l i e r  s tu d y , i t  ap p ea re d  
t h a t  when th e  w oodpeckers had  a  c h o ic e  f o r  e x p lo r a t io n  th e y  chose th e  
'sh a k e  a r e a .  However, i t  i s  im p o r ta n t to  n o te  t h a t  t h i s  i s  m ere ly  a  
p r e f e r e n c e ,  and sound p o le s  a r e  s u b je c t  to  a t t a c k  when a  c h o ic e  o f  
lo c a t io n s  i s  n o t a v a i l a b l e .
W hile th e re  w ere s i g n i f i c a n t  d i f f e r e n c e s  betw een th e  t r e a tm e n ts ,
3 /
th e  m ost e f f e c t i v e  f a i l e d  to  g iv e  an a c c e p ta b le  l e v e l— o f  p r o t e c t io n .
Two o f  th e  14 sound, c o a te d  p o le s  w ere dam aged, and one o f  th o s e  h ad  a  
com pleted  c a v i ty — damage s e r io u s  enough to  w a rra n t c h an g in g -o u t o f  th e  
p o le  i f  i t  w ere in  a  u t i l i t y  l i n e .  In  f a c t ,  some o f  th e  c o o p e ra t in g  
com panies would ch an g e -o u t b o th  o f  th e  p o le s .  Assuming t h a t  m ost 
s in g le - p o le  s t r u c tu r e s  a v e rag e  a b o u t 10 p o le s  p e r  m i le ,  t h i s  w ould 
n e c e s s i t a t e  changing  o v e r  one p o le  p e r  m ile .  And t h i s  damage o c c u r re d  
o v e r a  15-m onth p e r io d ,  a  r e l a t i v e l y  s h o r t  tim e  o f  ex p o su re  f o r  a  
c re o so te d  p o le .
3 /
A lthough  n o t s p e c i f i c a l l y  d e f in e d ,  " a c c e p ta b le  l e v e l "  would b e  
n e a r  th e  su c c e ss  a ch ie v e d  w ith  ha rd w are  c lo th .
The fo llo w in g  t a b u la t io n  In c lu d e s  a l l  damage on th e  sev en  p a i r s  
o f  C e llo n  p o le s  In  E xperim ent B a f t e r  24 m o n th s ' e x p o su re .
Damage In d ex
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The amount o f  w oodpecker damage on th e  p o le s  c o a te d  w ith  K oppers 
300-M was s i g n i f i c a n t l y  l e s s  (P < .05) th a n  on u n c o a te d  p o le s  
( t  «  2 .5 3 ; 6 d . f . ) .  However, th e  amount o f  damage on c o a te d  p o le s  was 
f a r  above an a c c e p ta b le  am ount. T here was no damage on any p o le s  f o r  
th e  f i r s t  7 m onths o f  th e  t e s t ,  b u t  a f t e r  t h a t  tim e th e  c o a t in g  
d e t e r io r a t e d  and p e e le d ,  a llo w in g  w oodpeckers to  b e g in  a t t a c k .
The t r e a tm e n ts  u sed  in  E xperim ent C (s h a k e s , a  p o ly u re th a n e  w rap ,
and h o llow  s e c t io n s  o f  w h ite  p in e  decoys) w ere i n  t e s t  28 m onths.
Woodpecker a t t a c k  was p r e s e n t  on 30 o f  th e  56 p o le s .  A summary o f
s e v e r i ty  o f  damage In c lu d e s :
22 p o le s  w ith  s e v e re  damage— com pleted  c a v i t i e s  o r  
h o le s  a t  l e a s t  3 in c h e s  in  d ia m e te r
3 p o le s  w ith  h o le s  2 to  3 in c h e s  inw ard  and n o t 
l i s t e d  above
 5 p o le s  w ith  l e s s e r  damage and n o t l i s t e d  above
30 T o ta l
A ta b u la t io n  o f  damage on a l l  t re a tm e n ts  fo l lo w s :
T o ta l  Number o f
T rea tm en ts  
Shake W rapping Decoy
number o f  




in d e x
p o le s  
damaged. » 
s e v e re ly —
Mean in< 
o f  sev e  
damage
Yes Yes Yes 0 0 0 0
Yes Yes No 1 0 .9 1 0 .9
Yes No Yes 7 1 0 .9 4 3 .4
Yes No No 7 1 3 .1 5 7 .4
No Yes Yes 1 1 .0 1 1 .0
No Yes No 0 0 0 0
No No Yes 7 1 2 .4 4 4 .3
No No No 7 2 5 .3 7 1 0 .3
30 22
1 /
~  Completed c a v i t i e s o r  h o le s  3 in c h e s  and l a r g e r  in d ia m e te r
The amount o f  damage on each  p o le  and th e  a n a ly s i s  o f  v a r ia n c e  a r e  
p re s e n te d  i n  T ab le s  7 and 19, r e s p e c t iv e ly .  P o le s  w ith  w rapping  w ere  
damaged s i g n i f i c a n t l y  l e s s  (P < .0 1 ) th a n  p o le s  w ith  no w rap p in g , p o le s  
w ith  sh ak es  w ere damaged l e s s  (P < .05) th a n  p o le s  w ith o u t s h a k e s , and 
p o le s  w ith  decoys w ere damaged l e s s  (P < .05 ) th a n  p o le s  w ith o u t d eco y s .
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T ab le  7 . Woodpecker damage (b a sed  on a damage v a lu e  Index) on 56
s tu d y  p o le s
T rea tm en ts 1 2 3
B locks 
4 5 6 7 T o ta l
S hake-w rapp ing-decoy 0 0 0 0 0 0 0 0
Shake-^wrapping-no decoy 0 0 0 0 6 0 0 6
Shake-no w rapp ing-decoy 6 8 6 20 16 18 2 76
Shake-no w rapp ing -no  decoy 10 16 11 14 12 19 10 92
No sh ak e-w rap p in g -d eco y 0 0 0 0 0 7 0 7
No sh ak e-w rap p in g -n o  decoy 0 0 0 0 0 0 0 0
No sh ak e -n o  w rapp ing -decoy 22 18 4 17 4 6 16 87
No sh ak e -n o  w rapping-no  decoy 22 13 37 14 34 22 35 177
T o ta l 60 55 58 65 72 72 63 445
A c tu a l ly ,  th e  a n a ly s is  was n o t n e c e s s a ry  to  d e te rm in e  t h a t  th e  p o ly ­
u re th a n e  w rapping  was e f f e c t i v e .  T here  w ere  o n ly  two in s ta n c e s  w here 
th e  w rapp ing  i t s e l f  f a i l e d .  On a n o th e r  p o le ,  a  w oodpecker p e rc h ed  on 
to p  o f  a  decoy s e c t io n  and to r e  th e  p o ly u re th a n e . B ird s  damaged f iv e  
p o le s  below  th e  w rapping  (o n ly  one s e v e re ly )  i n d i c a t in g  t h a t  p o le s  
sh o u ld  have b een  w rapped c lo s e r  to  th e  g round . B ird s  do n o t  n o rm a lly  
damage p o le s  so n e a r  th e  g round . I t  i s  p ro b a b le  t h a t  th e y  r e a c te d  
somewhat ab n o rm a lly , s in c e  th e y  w ere th w a rte d  from  th e  p o r t io n  o f  p o le  
n o rm a lly  a t ta c k e d .
In  t h i s  ex p erim en t and o th e r s  i t  was e v id e n t  t h a t  w oodpeckers 
i n i t i a l l y  a t ta c k e d  p o le s  a t  s h a k e s , b u t  t h i s  a p p a r e n t ly  does n o t  le a d  
to  g r e a t e r  o v e r a l l  damage. F o r , w h ile  th e r e  was e x p lo ra to ry  p e ck in g  
and en la rg em en t o f  th e  checks i n  p o le s  w ith  s h a k e s , b i r d s  u sed  s h a k e -  
f r e e ,  p o le s  s i g n i f i c a n t l y  more f o r  s e r io u s  e x c a v a t io n s .  The fo llo w in g  
• t a b u la t io n  shows th e  com parison .
Number o f  h o le s  by  a v e rag e  s i z e  o f  open ing  
C o n d itio n  o f  4 3 2 1 Peck
p o le  Com pleted c a v i ty  in c h  in c h  in c h  In c h  w ork
Shakes 9 1 4 10 11 26
No shakes 12 1 8 26 16 12
F ie ld  o b s e rv a tio n s  r e v e a l  t h a t  w oodpeckers o f te n  s to p  w ork ing  a t  
a  sh ak e  a f t e r  they  have pecked th ro u g h  th e  o u te r  l a y e r  o f  wood. 
A p p a re n tly , when th e  h o llo w  sound i s  no lo n g e r  p roduced  by ta p p in g , 
th e  b i r d s  lo s e  i n t e r e s t .  I t  i s  l i k e l y  t h a t  th e  h o llo w e d -o u t decoys 
gave s t im u la t in g  sounds u n t i l  th e  b i r d  a c t u a l l y  b ro k e  th ro u g h  in to  th e  
c a v i ty .  T h is cou ld  acco u n t f o r  th e  h ig h  in c id e n c e  o f  s e r io u s  damage to
th e  d eco y s. The s e v e r i t y  o f  damage to  p o le s  w ith  decoys was 
s i g n i f i c a n t l y  l e s s  th a n  to  p o le s  w ith o u t  decoys. However, t h i s  f a c t  
may b e  m is le a d in g , s in c e  th e  number o f  p o le s  damaged in  th e  two 
tr e a tm e n ts  was e q u a l— 15, f a r  ex ceed in g  an a c c e p ta b le  l e v e l .  Wood­
p e c k e rs  w ere  d e f i n i t e l y  a t t r a c t e d  to  th e  decoys (F ig u re  1 8 ) . B ird s  
e x c a v a te d  in to  each  o f  th e  28 i n t e r n a l  c a v i t i e s  and n e s te d  i n  s e v e r a l .  
Young w ere h a tc h e d  i n  some, b u t  i t  i s  n o t  known i f  any f le d g e d . At 
l e a s t  one decoy was used  by  f ly in g  s q u i r r e l s  (GZaucomtfA v o Z a n i)  and 
a  wood duck (Ai x  &ponACL) was f lu s h e d  from  a n o th e r .
The C e llo n  p o le s  in  E xperim ent D w ere in  t e s t  30 m onths, w hich 
encom passed th r e e  n e s t i n g  s e a s o n s . D if fe re n c e s  i n  amount o f  damage 
betw een  tre a tm e n ts  w ere s i g n i f i c a n t  (P < .05) (T ab le  20 , p . 1 3 5 ), b u t  
a l l  t r e a tm e n ts  w ere damaged above an a c c e p ta b le  l e v e l .  W e y -fil h ad  
th e  s m a l le s t  amount o f  damage— s i g n i f i c a n t l y  l e s s  th an  K oppers' 200 
and th e  two B. F. G oodrich p ro d u c ts ,  b u t  n o t  l e s s  th an  th e  c o n t r o l .
The number o f  com pleted  c a v i t i e s  ran g ed  from  one on W e y - f i l-c o a te d  
p o le s  to  12 on BFG 0500; m ost o f  th e  t r e a tm e n ts  had 3 t o  5 (T ab le  8 ) .  
W ith in  each  t r e a tm e n t ,  a t  l e a s t  th r e e  o f  th e  n in e  c o a te d  p o le s  w ere 
damaged; and th r e e  o f  th e  t r e a tm e n ts  had  e ig h t  o f  th e  n in e  p o le s  
damaged (T ab le  9 ) .  T h is h ig h  in c id e n c e  o f  a t t a c k  in d ic a te s  t h a t  
w oodpeckers had l i t t l e  d i f f i c u l t y  p e n e t r a t in g  th e  c o a t in g s ,  m ost o f  
w hich d e t e r io r a t e d  b a d ly  d u rin g  th e  c o u rse  o f  th e  s tu d y . W e y -f il  was 
th e  m ost d u ra b le  w h ile  th e  two BFG p ro d u c ts  and Koppers1 200 w ere th e  
l e a s t  d u ra b le .
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F ig u re  18. Hollow s e c t io n s  w ere used  e x te n s iv e ly  by w oodpeckers,
b u t th e  b i r d s  a l s o  damaged th e  p o le s .  (S a l in e  W ild l i f e  
Management A rea , L a S a lle  P a r i s h ,  L o u is ia n a , 1 9 6 9 .)
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T ab le  8 . S e v e r i ty  o f  damage t6  co a te d  C e llo n  p o le s  exposed  to
w oodpeckers f o r  30 months
No* o f No. of. in co m p le ted  c a v i t i e s  by d ia m e te r
T rea tm en ts
com pleted




......... in c h  . .
3 ,
. . in c h  . .
4 5 
in c h  in c h
P o ly e s te r — 3 (2 ) 1 (1 ) 4 (2 ) 2 (1 )
K o ppers ' 200 5 (5 ) 4 (3 ) 6 (4 ) 3 (2 ) 1 (1 )  1 (1 )
B a k e r 's  EC-167 4 (3 ) 3 (2 ) 3(3 )
BFG 0500 12(6) 11(6) 12(5 ) 2 (2 ) 1 (1 )
BFG 7802 4 (4 ) 1 6 (6 ) 7 (3 ) 2 (2 ) 4 (2 )
F ib e r g la s s 4 (2 ) 3 (2 ) 1 (1 )
W e y -f il K l ) 1 (1 ) 1 (1 ) 1 (1 )
C o n tro l 4 (4 ) . 4 (4 ) 6 (4 ) 8 (3 )
T o ta l 37(27) 4 4 (2 6 ) 42(23) 1 8 (11 ) 6 (4 )  1 (1 )
~  F ig u re s  in  p a re n th e s e s  r e f e r  to  number o f  p o le s  c o n ta in in g , 
t h a t  ty p e  o f  damage.
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T able  9 . —W oodpecker damage on c o a te d  C e llo n  and la m in a te d  p o le s  a f t e r
30 m onths ' ex p o su re
B locks too .p o le s
T rea tm en t 1 2 3 4 5 6 7 8 9 T o ta ls damaged
------------------- -----Damage in d e x i / —
-
P o ly e s te r 0 0 0 0 10 17 20 0 0 47 3 o f  9
K o p p e rs '200 6 1 23 35 11 35 10 4 0 125 8 o f 9
B a k e r 's  EC-167 0 0 7 0 8 20 19 0 0 54 4 o f  9
BFG 0500 0 17 43 24 30 42 36 4 0 196 7 o f  9
BFG 7802 23 18 37 5 10 25 35 0 8 161 8 o f  9
F ib e rg la s s 0 17 8 16 0 0 0 0 0 -  41 3 o f  9
W e y -f il 0 4 0 7 3 0 10 0 0 24 4 o f  9
C o n tro l 6 14 14 16 4 0 26 1 22 103 8 o f  9
L am inate i / o 7 3 i / l i / 6 l / 0 ■ rT — — 17 4 o f  6
T o ta l 35 78 135 104 82 139 156 9 30 768 49 o f 78
*~ Sum o f  a l l  damage v a lu e s .
2/— Sawed down and removed by v a n d a ls ;  damage from  p re v io u s  
o b s e rv a tio n  i s  e n te r e d .
O r ig in a l ly ,  th e r e  w ere s i x  lam in a ted  p o le s  in c lu d e d  i n  th e  
experim ent#  Four o f  th o s e  w ere c u t down and removed by  v a n d a ls  a f t e r  
ab o u t one y e a r 's  exposure# B efo re  th ey  w ere ta k e n , one p o le  h a d  a  
com pleted  c a v i ty  e x c a v a te d  by  P i l e a te d s ;  a n o th e r  had  m in o r dam age.
Of th e  two l e f t  in  t e s t ,  one had  a  h o le  2 .5  in c h es  in  d ia m e te r  p lu s  
m inor damage and th e  o th e r  h ad  m inor damage. A lthough t h i s  i s  a  s m a ll  
sam ple In v o lv in g  la m in a te d  m a te r i a l ,  i t  app ears  t h a t  la m in a te d  p o le s  
a r e  n o t immune to  w oodpecker a t t a c k .
In  a d d i t io n  to  th e  a fo re m e n tio n ed  w rapping m a te r i a l s  a  p r o p r i e t a r y  
p ro d u c t ,  Vaughn B ar-B ird  P o le  S h ie ld s ,  was a ls o  t e s t e d  i n  c e n t r a l  
L o u is ia n a  o v e r  a  2 -y e a r  p e r io d  (Rumsey 197 2 ). The w rap was c o m p le te ly  
e f f e c t i v e  th ro u g h  two n e s t i n g  s e a s o n s , even though m ost o f  t h e  p o le s  
w ere  b e in g  u sed  by w oodpeckers b e fo re  th ey  were w rapped . C o n v e rse ly , 
o v e r  h a l f  th e  p o le s  u sed  a s  c o n t r o ls  in  th e  a re a  w ere dam aged.
The c o s t  o f  Vaughn S h ie ld s  i s  com parable to  ha rd w are  c l o t h ,  a b o u t 
$35 to  $50 p e r  p o le .  Two men a r e  re q u ire d  to  wrap a  s ta n d in g  p o le ;  th e  
c lim b e rs  p a ss  th e  c o i le d  w rap b ack  and f o r th  as i t  i s  unwound s p i r a l l y  
downward (F ig u re  1 9 ) .  The a p p l i c a t io n  o f Vaughn wrap r e q u i r e s  l e s s  
tim e  th an  when w rapping  w ith  hardw are  c lo th .  A lso , lin em en  h a v e  
in d ic a te d  a  p re fe re n c e  f o r  w ork ing  w ith  th e  p l a s t i c  m a t e r i a l .  The 
d u r a b i l i t y  h a s  n o t b een  p ro v ed  b u t  th e  m a n u fa c tu re r  a n t i c i p a t e s  a t  l e a s t  
a  2 0 -y e a r  s e r v ic e  l i f e .
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F ig u re  19. The o v e rla p p ed  w in d in g s  o f  Vaughn B ar-B ird  P o le  S h ie ld s  
e v id e n t ly  p re v e n t w oodpeckers from  g a in in g  a p e rc h .
C o n c lu s io n s . — S e v e ra l  c o n c lu s io n s  can  b e  made re g a rd in g  th e s e  
t e s t s .  F i r s t ,  a  f a c t o r  a l r e a d y  m en tioned  b r i e f l y ,  sound p o le s  ( t h a t  
i s  p o le s  w ith o u t sh ak e s ) a r e  damaged a s  much o r  more th a n  p o le s  w ith  
sh ak e s . However, b i r d s  a r e  a t t r a c t e d  i n i t i a l l y  to  sh ak es  when shakes 
a r e  p r e s e n t .  Second, decoys on p o le s  w i l l  b e  u sed  by  b i r d s  b u t  th e  
p o le s  s u p p o r t in g  decoys a r e  damaged a l s o .  T h ird , a  c o a t in g  i s  
e f f e c t i v e  a s  lo n g  a s  i t  i s  sm ooth . Wood p o le s ,  s in c e  th e y  a re  wood and 
round a l s o ,  a re  d i f f i c u l t  m edia on w hich to  a p p ly  and r e t a i n  sm ooth, 
h a rd  c o a t in g s .  F o u r th , w rap p in g s  a r e  e f f e c t i v e ,  b u t  a s  w ith  c o a t in g s ,  
d u r a b i l i t y  can b e  a  p ro b lem . Vaughn B a r-B ird  P o le  S h ie ld s ,  a  p r o p r ie ta r y  
p ro d u c t ,  w ere c o m p le te ly  e f f e c t i v e  i n  p re v e n tin g  w oodpecker a t t a c k  
f o r  th e  two y e a r s  th e y  w ere  i n  t e s t .  The d u r a b i l i t y  o f  th e  s h ie ld s  was 
n o t p ro v en .
Lam inated P o le s
B ecause round p o le s  a r e  so  d i f f i c u l t  to  c o a t  o r  w rap , and b ecau se  
la m in a te d  p o le s  a r e  now b e in g  u sed  i n  th e  i n d u s t r y ,  c e r t a i n  t e s t s  w ere 
conducted  w ith  la m in a te d  m a te r i a l .  S in c e  la m in a te d  p o le s  a r e  q u i te  
e x p e n s iv e , and I  had  th e  f a c i l i t i e s  f o r  m aking la m in a te d  p ie c e s  8 .3  f e e t  
lo n g , I  u sed  8 - f o o t  s e c t io n s  m ounted on to p  o f  round p o le s .  The p o le s  
s u p p o rtin g  th e  s e c t io n s  w ere  w rapped w ith  hardw are  c lo th  to  p re v e n t b i r d  
a t t a c k  (F ig u re  2 0 ) .
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F ig u re  20. 12- x 1 2 -in ch  la m in a te d  s e c t io n  mounted a to p  wrapped
u t i l i t y  p o le .  (S a l in e  W ild l i f e  Management A rea, L a S a lle  
P a r is h ,  L o u is ia n a , 1 9 7 0 .)
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P ro c e d u re s . — T here w ere seven  d i f f e r e n t  t r e a tm e n ts  on th e  
s e c t io n s  and th r e e  t r e a tm e n ts  u s in g  round p o le s .  A d e t a i l e d  d e s c r ip t i o n  
o f  a l l  t re a tm e n ts  fo l lo w s :
1 . E ig h t- f o o t  la m in a te d  s e c t io n s  c o n s tru c te d  from  f i v e  2 -  x  8 - in c h  
so u th e rn  p in e  b o a rd s  o v e r la id  w ith  W ey e rh a eu se r 's  W e y -f il
and w ith  s m a ll s to n e s  embedded. K o p p ers ' P e n a c o l i te  
A dhesive GO 4411 was u sed  f o r  g lu in g  th e  b o a rd s .
2 . E ig h t- fo o t  la m in a te d  s e c t io n s ,  a p p ro x im a te ly  7 .5  in c h e s  
s q u a re ,  o v e r la id  w ith  v u lc a n iz e d  f i b e r .  V u lcan ized  f i b e r  i s
a  to u g h , l ig h tw e ig h t ,  r e s i l i e n t ,  h o r n l ik e  p l a s t i c  m a te r ia l  made 
by p a r t i a l  g e l a t i n a t i o n  o f  th e  c e l l u lo s e  in  p a p e r ,  u s u a l ly  
by th e  u se  o f  z in c  c h lo r id e .  A number o f  th e s e  la y e r s  w ere 
p u t to g e th e r  to  p roduce  th e  d e s i r e d  th ic k n e s s .  F o r t h i s  
s tu d y , g ra y , 0 .010  in c h  th ic k  m a te r ia l  was p u rc h a se d  from  
N a tio n a l V u lcan ized  F ib re  Company, W ilm ing ton , D elaw are.
3. E ig h t- f o o t  la m in a te d  s e c t io n s ,  a p p ro x im a te ly  7 .5  in c h e s  sq u a re  
o v e r la id  w ith  c l e a r ,  0 .006  in c h  th i c k  a c r y l i c  po lym er i n  f i lm  
form . T h is m a te r ia l  i s  a p p l ie d  co m m ercia lly  to  plyw ood, 
h a rd b o a rd , p a r t i c l e  b o a rd , e t c .  I t  was p u rc h a se d  as  Korad A 
from  Rohm and Haas C o ., P h i l a d e lp h ia ,  P a .
4 . E ig h t- f o o t  s e c t io n s ,  ap p ro x im a te ly  7 .5  in c h e s  s q u a r e ,  la m in a te d
from  d e n se , p la in -s a w e d  lum ber. Dense g ra d e s  o f  s o u th e rn  p in e  
m ust a v e rag e  a t  l e a s t  6 r in g s  p e r  in c h  and m ust b e  a t  l e a s t  
o n e - th i r d  summerwood, o r  a t  l e a s t  4 r in g s  p e r  in c h  and a t
l e a s t  o n e - h a l f  summerwood (S o u th ern  P in e  In s p e c t io n  B ureau  1 9 7 0 ). 
P la in -sa w e d  ( f l a t - g r a i n )  lum ber i s  sawed so  t h a t  th e  grow th 
r in g s  form  an an g le  o f  l e s s  th a n  45° w ith  th e  w id e s t  s u r f a c e  
o f  th e  p ie c e .
5 . E ig h t- f o o t  s e c t io n s ,  a p p ro x im a te ly  12 in c h e s  s q u a re , la m in a te d
from  d e n se , p la in -s a w e d  so u th e rn  p in e  lu m b er.
6 . E ig h t- f o o t  la m in a te d  s e c t io n s ,  a p p ro x im a te ly  7 .5  in c h e s  s q u a re ,
w ith  0 .0 5  in c h  th ic k  aluminum s h e e t  embedded 0 .7 5  in c h  b e n e a th
th e  s u r f a c e .  The s e c t io n s  w ere made from  s o u th e rn  p in e .
7 . E ig h t- f o o t  la m in a te d  so u th e rn  p in e  s e c t i o n s ,  ap p ro x im a te ly  7 .5
in c h e s  s q u a r e ,  im p regnated  w ith  p h en o l fo rm aldehyde  (Compreg, 
Borden C hem ical Co. ) .  C uring  o f  th e  r e s i n  in c r e a s e s  th e  d e n s i ty  
o f  th e  s e c t io n .
8 . Round p o le s  o f  dense so u th  F lo r id a  s la s h  p in e  (P«tno6 &LLLo££LL
v a r .  de.yU>CL L i t t l e  and Dorman). They w ere a p p ro x im a te ly  c la s s  5 
in  s i z e  and abou t 30 f e e t  lo n g .
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9 . Round Chem onite D o u g la s - f ir  p o le s ,  a p p ro x im a te ly  c la s s  5 ,
3 0 - f o o t ,  from  th e  West C oast ( C a l i f o r n i a  o r  O regon). The 
p ro c e s s  in v o lv e s  a  w a te r-b o rn e  p r e s e r v a t iv e  o f  ammoniacal 
co p p er a r s e n i t e  (ACA). The p o le s  w ere  somewhat g re e n is h  in  
c o lo r  and w ere re p o r te d  to  be f a i r l y  immune to  w oodpecker 
damage b e ca u se  th e  chem ical makes th e  wood h a r d e r .
1 0 . Round c re o s o te d  c la s s  5 , 3 0 -fo o t s o u th e rn  p in e  p o le s  u sed  
, f o r  c o n t r o l s .
W ith th e  e x c e p tio n  o f  t re a tm e n t number 5 l i s t e d  abo v e, th e  la m in a te d  
s e c t io n s  w ere  a p p ro x im a te ly  7 .5  in c h e s  s q u a r e .  The 1 2 -in c h  sq u a re  
tre a tm e n t was u sed  to  p re v e n t  b i r d s  from  sp an n in g  one fa c e  w ith  t h e i r  
c la w s , s in c e  I  had o b se rv ed  th a t  w oodpeckers c o u ld  hang  on u p r ig h t ,  
sm ooth s u r f a c e s  by re a c h in g  two c o m e rs  o f  a  r e c ta n g u la r  p ie c e .
T rea tm en ts  w ere r e p l i c a t e d  e ig h t  tim e s  i n  a  random ized  b lo c k  d e s ig n , 
e x c e p t o n ly  s i x  r e p l i c a t i o n s  w ere used  w ith  s o u th  F lo r id a  s l a s h  p in e  
p o le s .  A ll  p o le s  w ere sp aced  ap p ro x im a te ly  tw o - te n th s  o f  a  m ile  a p a r t  
a lo n g  e x i s t i n g  ro ad s  and fen ce  r ig h ts -o f -w a y  i n  S a l in e  W ild l i f e  
Management A rea . Each p o le  was numbered w ith  a  p l a s t i c  ta g  ab o u t 6 f e e t  
above ground l i n e .  The ta g  co n ta in ed  th e  c o n s e c u tiv e  p o le  num ber, th e  
b lo c k  num ber, and th e  lo c a t io n  w i th in  th e  b lo c k .  F o r I n s ta n c e ,  r e f e r s  
to  p o le  2 4 , th e  t h i r d  b lo c k ,  and th e  s i x t h  p o le  w i th in  th e  b lo c k . A 
damage in d e x  b a se d  on th e  scheme d e s c r ib e d  p r e v io u s ly  was o b ta in e d  f o r  
each  p o le .  When more th a n  one k in d  o f  damage was p r e s e n t ,  a  t o t a l  was 
c a lc u la te d  f o r  t h a t  p o le .
The lo c a t io n  and t r e a tm e n t o f  each p o le  i s  shown i n  T ab le  21, 
page 136.
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R e s u l ts  and d i s c u s s io n . — The la m in a te d  s e c t io n s  m ounted on round 
p o le s  w ere  i n  t e s t  f o r  20 m onths. D uring  th a t  tim e  47 o f  th e  78 
e x p e r im e n ta l  u n i t s  w ere damaged by w oodpeckers (T ab le  1 0 ) . A lthough  
th e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  i n  th e  amount o f  damage be tw een  .the 
t r e a tm e n ts ,  i t  i s  academ ic w h e th e r th e  d i f f e r e n c e s  w ere r e a l  o r  ch an ce— 
o n ly  W e y e rh a e u se r 's  W e y -f il  epoxy w ith  embedded ro c k s  was c o m p le te ly  
e f f e c t i v e .  In  c o n t r a s t ,  a l l  o f  th e  1 2 -ln c h  sq u a re  s e c t io n s  w ere  
a t t a c k e d ;  s i x  o f  th e  e ig h t  had  damage in  th e  th r e e  m ost s e v e re  c a te g o r ie s  
(h o le s  1 in c h  o r  more in w a rd , to  com pleted  c a v i t i e s ) .  S e c t io n s  c o a te d  
w ith  W e y - f il  and ro ck s  sh o u ld  have p ro v id e d  good p e rc h e s ,  b u t  a p p a r e n t ly  
th e  c o a t in g  was s u f f i c i e n t l y  h a rd  to  d e te r  th e  b i r d s .  P e rh a p s  th e y  
p e rc e iv e d  an i r r i t a t i n g  s e n s a t io n  th ro u g h  t h e i r  b i l l s  o r  f e e t  from  th e  
ro c k s .
The s i z e  o f  th e  1 2 - in c h  s e c t io n s  m ight have made them  m ore a t t r a c t i v e  
th a n  th e  s m a l le r  s e c t io n s  to  P i l e a te d  W oodpeckers. The p u rp o se  o f  
in c o r p o r a t in g  th e  l a r g e r - s i z e d  s e c t io n s  in to  th e  e x p e rim en t was to  p re v e n t 
w oodpeckers from  sp an n in g  two edges w ith  t h e i r  c law s to  h av e  a  s e c u re  
p e rc h  when p eck in g  and e x c a v a tin g . E i th e r  th e  1 2 - in c h  d i s ta n c e  was n o t  
s u f f i c i e n t ,  o r  w oodpeckers w ere  a b le  i n  some m anner to  c l in g  to  th e  f l a t  
~ s u r f a c e .  The l a t t e r  seems th e  most l i k e l y ,  s in c e  s e v e r a l  w e a th e r  checks 
w ere  n o te d  t h a t  w ere l a r g e  enough to  en ab le  b i r d s  to  hang by  t h e i r  c law s. 
A f te r  a  p e rc h  was e s t a b l i s h e d ,  th e  w oodpecker c o u ld  i n  a  s t r o k e  o r  two 
m ar th e  s u r f a c e  o f  th e  s e c t io n  so t h a t  a  more s u b s t a n t i a l  p e rc h  would 
b e  a v a i l a b le  f o r  g r e a t e r  e x c a v a tio n .
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T ab le  1 0 . W oodpecker damage to  la m in a te d  s e c t io n s  and round p o le s
T re a tm e n ts
Number o f  p o le s  
and s e c t io n s  
w ith  damage
Number o f  p o le s  and 
s e c t io n s  w ith  o n ly  
s e v e re  
dam agel/
T o ta l  v a lu e  
o f  a l l  
dam age?/
Epoxy and ro c k s 0 0 0
Dense b o a rd s 7 6 58
Phenol fo rm ald eh y d e 4 2 17
Chem onite 4 3 48
1 2 -in ch  s q u a re 8 6 50
V ulcan ized  f i b e r 6 5 35
A c ry lic 3 1 16
Aluminum embedded 6 6 “ 24
South F l a .  s l a s h  p in e 5 5 56
C o n tro l 4 3 54
T o ta l 47 37 358
—̂ S e v e re  damage in c lu d e s  c a te g o r ie s  4 , 5 ,  and 6 .
2/— Sum o f  a l l  c a te g o r ie s  o f  damage.
3 /— B ird s  c o u ld  n o t  p e n e t r a te  m e ta l so no damage g r e a te r  th a n  c a te g o ry  4 
was fou n d .
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None o f  th e  t r e a tm e n ts  t e s t i n g  h a rd n e ss  w ere e f f e c t i v e .  The round  
Chemonite and s o u th  F lo r id a  s l a s h  p in e  p o le s ,  th e  s e c t io n s  im p reg n a ted  
w ith  p h en o l fo rm ald eh y d e , and th e  d en se  b o a rd  la m in a te s  w ere damaged 
as much o r  more th a n  th e  c o n t r o l .
The two t r e a tm e n ts  w ith  sm ooth o v e r la y s — a c r y l i c  and v u lc a n iz e d  
* *
f i b e r —w ere a ls o  damaged, th e  l a t t e r  more e x te n s iv e ly  th a n  a c r y l i c .
I t  i s  d i f f i c u l t  to  im ag ine  how th e  b i r d s  w ere a b le  to  g a in  a  to e h o ld  on 
e i t h e r  o f  th e s e  c o a t in g s ,  i n i t i a l l y .  O b se rv a tio n s  w ith  b in o c u la r s  
f a i l e d  to  r e v e a l  any s p l i t t i n g  o r  f a i l i n g  o f  th e  c o a tin g s  in  th e  v i c i n i t y  
o f  w oodpecker damage. However, th e  b i r d s  c o u ld  have removed th e  
e v id en ce  th ro u g h  t h e i r  e x c a v a tin g .
Woodpeckers removed l a r g e  p a tc h e s  o f  wood o v e r la y in g  th e  aluminum 
b u t were n o t  a b le  to  p e n e t r a te  th e  m e ta l . On some p o le s  2 to  3 sq u a re  
f e e t  o f  wood w ere  ch ip p ed  away down to  th e  m e ta l .  A p p a ren tly  th e  b i r d s  
w ere  a tte m p tin g  to  peck  a round  th e  edge o f  th e  m e ta l . In  one such  
in s ta n c e  th e y  c h ip p ed  away an a r e a  o f  wood 5 x  36 in c h e s  to  th e  d e p th  
o f  th e  m e ta l .
The epoxy and ro c k  t re a tm e n t was in c lu d e d  i n  th e  ex p erim en t m ain ly  
to  t e s t  th e  p r i n c i p l e  o f  an o v e r la y  and n o t th e  m a te r ia l  p e r  s e . W e y -f il  
epoxy i t s e l f  w ould l i k e l y  be  p r o h ib i t i v e  in  c o s t ,  even  i f  a l l  d i f f i c u l t i e s  
o f  i t s  a p p l i c a t i o n  c o u ld  b e  overcom e.
C o n c lu s io n s . — Some o f  th e  c o n c lu s io n s  o f  t h i s  t e s t  f u r th e r  s u p p o r t  
th o se  o b ta in e d  i n  o th e r  t e s t s ,  nam ely t h a t  la m in a te d  m a te r ia l  i s  n o t  
immune to  w oodpecker a t t a c k  and t h a t  th e r e  i s  n o t  a  n a tu r a l  h a rd n e ss  
s u f f i c i e n t  to  th w a r t  w oodpeckers i n  s p e c ie s  o f  tim b e r  used  f o r  p o le s .
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Nor a re  th e  s a l t s  t r e a tm e n ts  l i k e l y  to  p ro v id e  p o le s  too  h a rd  f o r  
w oodpeckers t o  damage. Rocks embedded In  W e y -fil  gave a  co m p le te ly  
e f f e c t i v e  c o a t in g  b u t  th e  p r a c t i c a l i t y  o f  t h a t  m a te r ia l  i s  d o u b tfu l .
However, th e  t e s t  i n d i c a t e s  t h a t  a  h a rd  c o a tin g  can  be e f f e c t i v e .
C hem icals
An i d e a l  s o lu t io n  to  th e  w oodpecker p rob lem  would b e  th e  a d d i t io n  
o f  a  c h ea p , e a sy  to  h a n d le  chem ica l r e p e l l e n t  i n t o  th e  p r e s e r v a t iv e  
t r e a tm e n t .  S e v e ra l  ch em ica ls  w ere g iv en  p re l im in a ry  s c re e n in g  in  th e  
a v ia ry  and i n  th e  f i e l d .
P ro c e d u re s . — In  m ost c a s e s  th e  m a te r ia l  was a p p lie d  to  a re a s  on
p o le s  c u r r e n t ly  b e in g  worked by  w oodpeckers; an i n t e r r u p t i o n  o f  a c t i v i t y
by th e  b i r d  in d ic a te d  an e f f e c t i v e  r e p e l l e n t .  In  o th e r  in s ta n c e s  th e
t e s t  m a te r i a l  was p la c e d  i n  com pleted  c a v i t i e s ,  o r  on p o le  s e c t io n s  and
fen ce  p o s ts  b e fo re  any a t t a c k  had  begun . The expense  and in e f f ic a c io u s n e s s
o f m ost ch em ica ls  d i c t a t e d  e x p lo ra to ry  t e s t i n g  on a  sm a ll s c a le .
F o llow ing  i s  a  l i s t  o f  th e  m ain ch em ica ls  and ch em ica l compounds u sed
i n  t e s t s .  Not in c lu d e d  a r e  v a r io u s  m ix tu r e s ,  c o n c e n tr a t io n s ,  and c a r r i e r s .
p -B enzoquinone
A rasan
O liv e  g reen-B
Thiram  Animal R e p e lle n t
Sodium s i l i c o f l u o r i d e
N ap h th a len e
M ethy lhydroqu inone
P h i l l i p s  P e tro leu m  Company's R -12 , R -2363, and R-2953 
D im e th y lsu lfo x id e
R osin— l ig jh t ,  d a rk ,  pow dered, f la k e d ,  and l i q u i d
Roost-N o-M ore
B. F . G o o d ric h 's  NP-2
Cedarwood o i l
Copper n a p h th a n a te
P l i o g r ip  ( l i q u i d  ru b b e r)
M inneso ta  M ining and M an u fac tu rin g  Company's EC-244, EC-226, and 
Coro-G ard 1706
R e s u lts  and d i s c u s s io n . — The u se  o f  ch em ica ls  was one o f  th e  
l e a s t  p ro m is in g  ap p ro ach es  In  a l l  t e s t s .  C hem icals t h a t  w ere  known 
to  b e  e f f e c t i v e  a g a in s t  v a r io u s  s p e c ie s  o f  b i r d s  had  no  e f f e c t  on 
w oodpeckers . Thiram  ( te t r a m e th y l th iu r a m d is u l f id e ) , f o r  I n s ta n c e ,  
w hich I s  u sed  a s •a  b i r d  r e p e l l e n t  on p in e  se e d  (D e rr  and Mann 1971), 
was removed from  s e v e r a l  s p o ts  b e in g  w orked by w oodpeckers as  soon as 
te c h n ic ia n s  moved away from  th e  p o le s .  The p ro d u c ts  from  P h i l l i p s  
P e tro le u m  Company seemed to  p ro v id e  some d e g re e  o f  s u c c e s s  when mixed 
w ith  cem ent and u sed  a s  h o le  f i l l e r s .  I t  was l a t e r  d e te rm in ed  th a t  th e  
cem ent I t s e l f  p ro v id e d  th e  same d eg ree  o f  p r o t e c t io n  a f t e r  I t  h a rd e n e d , 
w h ile  th e  ch em ica ls  gave no p r o te c t io n  when a p p lie d  d i r e c t l y  to  p la c e s  
b e in g  worked by w oodpeckers. A nother exam ple o f  a p p a re n t  su c c e ss  was 
‘o b ta in e d  w ith  p -benzoqu inone  In  a  g re a se  c a r r i e r ,  b u t  as soon as  th e  
g re a s e  was no lo n g e r  ta c k y  th e r e  was no r e p e l le n c y .  G rease I t s e l f  
was e f f e c t i v e  u n t i l  I t  h a rd e n e d , soaked I n ,  o r  was w ashed away. Any 
m a te r i a l  t h a t  ad hered  to  th e  b i r d s '  f e a th e r s  o r  f e e t  cau sed  a v o id an c e , 
and p ro lo n g e d  p e r io d s  o f  groom ing fo llo w ed  such  c o n ta c t .  L e th a l  ch em ica ls  
m ight b e  a v a i l a b l e ,  b u t  I f  th e  I m p r a c t i c a b i l i ty  o f  u s in g  them  a g a in s t  
b i r d s  i s  n o t enough , i t  sh o u ld  be  remembered th a t  many p o le s  a r e  clim bed  
by linem en  and a ls o  t h a t  many p o le s  a re  p la c e d  o v e r  c ro p la n d  o r  p a s tu r e -  
la n d . W ith th e  r e c e n t  i n t e r e s t  i n  e n v iro n m e n ta l p o l l u t i o n ,  u se  o f  
ch em ica l r e p e l l e n t s  i s  l i k e l y  to  come u n d e r c lo s e r  s c r u t in y  by 
e n v iro n m e n ta l p r o te c t io n  a g e n c ie s . N o n se le c tiv e  ch em ica ls  e s p e c ia l l y  
w i l l  have  to  fu n c t io n  o n ly  as  r e p e l l e n t s  and n o t l e t h a l  a g e n ts .  Any 
added r e s t r i c t i o n s  a r e  l i k e l y  to  make i t  even  l e s s  h o p e fu l  t h a t  a ch em ica l 
s o lu t io n  to  th e  w oodpecker p roblem  i s  p o s s ib le .
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C o n c lu s io n s . — The s o lu t io n  to  th e  w oodpecker p rob lem  does n o t  
l i k e l y  In c lu d e  th e  u se  o f  c h e m ic a ls . Numerous f a c to r s  m en tio n ed  and 
Im p lie d  le a d  me to  t h a t  c o n c lu s io n .
R e p a ir in g  damage
Some u t i l i t y  com panies f i l l  o r  r e p a i r  w oodpecker e x c a v a tio n s  In  
p o le s  w ith o u t  g iv in g  c o n s id e r a t io n  to  th e  lo n g -ra n g e  e f f e c t iv e n e s s  o f  
t h i s  p r a c t i c e .  For exam ple, do w oodpeckers r e tu r n  to  r e p a i r e d  p o le s  
and e x c a v a te  new c a v i t i e s ?  Or w i l l  th e y  e x c a v a te  s e v e r a l  s m a l le r  h o le s  
i n  an a tte m p t to  g e t  b ack  in to  t h e i r  o ld  c a v i t i e s ?  F i n a l l y ,  i f  w oodpeckers 
a r e  p e rm it te d  to  keep  t h e i r  o ld  c a v i t i e s  w i l l  th e y  c o n tin u e  to  damage 
th e  p o le ?  The fo llo w in g  t e s t  was u n d e rta k e n  to  p ro v id e  answ ers to  
th e s e  q u e s t io n s .
P ro c e d u re s . —A random ized b lo c k  d e s ig n  w ith  e ig h t  b lo c k s  and two 
tr e a tm e n ts  was u s e d . Each b lo c k  c o n ta in e d  10 c re o s o te d  u t i l i t y  p o le s :  
f i v e  i n  w hich a l l  w oodpecker h o le s  w ere f i l l e d  w ith  ro c k -h a rd  p u t ty  and  
f i v e  i n  w hich  th e  h o le s  w ere l e f t  u n f i l l e d .  However, damage m easurem ents 
w ere re c o rd e d  from  o n ly  th e  th r e e  i n s id e  p o le s  in  each  p l o t ;  th e  o u te r  
two w ere u sed  a s  b u f f e r s  to  m in im ize  any b o rd e r  e f f e c t .  T h e re fo re ,  d a ta  
w ere  c o l l e c t e d  from  48 p o le s :  30 in  a  d i s t r i b u t i o n  l i n e  in  S a l in e
W ild l i f e  Management A rea and 18 i n  a  d i s t r i b u t i o n  l i n e  i n  Bayou Boeuf 
swamp n e a r  A le x a n d r ia ,  L o u is ia n a .
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R e s u lts  and d i s c u s s io n . — P o le s  w ith  w oodpecker h o le s  f i l l e d  and 
p o le s  w ith  h o le s  l e f t  u n f i l l e d  w ere  o b serv ed  c lo s e ly  th ro u g h  th r e e  
n e s t in g  s e a s o n s .  S ix te e n  o f  th e  24 p o le s  i n  each  t r e a tm e n t  w ere  damaged 
(T ab le  1 1 ) .  The o n ly  a p p a re n t n u m e ric a l d i f f e r e n c e  in  any c a te g o ry  
o f damage was i n  th e  1 in c h  h o le s — 35 in  f i l l e d  p o le s  and o n ly  11 in  
u n f i l l e d .  T h is  i n d i c a t e s  a  s t r o n g e r  ten d en cy  f o r  e x p lo ra to ry  p eck in g  
a f t e r  e x i s t i n g  h o le s  a r e  f i l l e d .  Damage g r e a t e r  th a n  1 in c h  was a lm ost 
th e  same in  t h e  two t r e a tm e n ts , 30 and 28 in s ta n c e s .
The a n a ly s i s  o f  v a r ia n c e ,  u s in g  v a lu e s  b a se d  on s e v e r i t y  o f  
damage, r e v e a le d  no s i g n i f i c a n t  d i f f e r e n c e  betw een  th e  two tre a tm e n ts  
(T ab le  22 , p .l4 0 )>  Com pleted c a v i t i e s ,  th e  m ost s e r io u s  ty p e  o f  
damage, w ere  somewhat more num erous i n  f i l l e d  p o le s  th a n  u n f i l l e d ,  b u t  
two e x i s t i n g  c a v i t i e s  i n  u n f i l l e d  p o le s  a ls o  w ere deepened and u sed  
in  s u c c e s s iv e  y e a r s .
Not o n ly  d id  t h i s  s tu d y  i l l u s t r a t e  t h a t  h o le  f i l l i n g  had  l i t t l e  
o r  no e f f e c t  i n  in c r e a s in g  o r  d e c re a s in g  w oodpecker a t t a c k ,  b u t  i t  
was a ls o  a p p a re n t  t h a t  damage was s t i l l  o c c u r r in g  a t  a  r e l a t i v e l y  h ig h  
r a t e .  M ost o f  th e  p o le s  w ere  t r e a t e d  i n  May 1964, and p ro b a b ly  s e t  
w i th in  a  few m onths a f t e r  t h a t .  C o n seq u en tly , a t  l e a s t  7 y e a r s  la p s e d .
At th e  b e g in n in g  o f  th e  w oodpecker r e s e a rc h  th e r e  was a  th e o ry  th a t  
w oodpeckers a t t a c k e d  p o le s  o n ly  f o r  th e  f i r s t  few y e a r s  a f t e r  a  l i n e  
was b u i l t .  A f te r  t h a t  tim e  th e  b i r d s  su p p o sed ly  had a  s u f f i c i e n t  number 
o f  h o le s  o r  th e  p o le s  became to o  h a rd  th ro u g h  w e a th e r in g . T h e re fo re , 
i t  was f e l t  t h a t  a  s u i t a b l e  d e t e r r e n t ,  o r  p r e v e n t iv e ,  n eed  b e  e f f e c t iv e  
f o r  o n ly  a  few y e a r s .  A p p a ren tly  t h a t  i s  n o t  th e  c a s e .
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T ab le  1 1 . Number and s e v e r i ty  o f  w oodpecker a t t a c k s  on p o le s  w ith  h o le s
f i l l e d  and w ith  h o le s  u n f i l l e d
H oles f i l l e d  H oles u n f i l l e d








3 Com pleted Peck  









Com pleted Peck 
c a v i ty  work
l / _
P o le s in  t e s t  f o r 40 months
I 11 _ _ _ 4 _ _ 1 1 —
12 3 1 - — — 5 - - 1 1 -
13 - 1 - — - 6 - - — - Yes
I I 31 2 1 1 1 - 21 - - — - -
32 5 - - 1 — 22 - 2 — A / Yes
33 12 - 1 1 — 23 2 - - £ /_ Yes












43 2 - 1 — Yes 49 — - 1 — Yes
IV 71 - 2 - - Yes 62 2 2 - - -
72 - - - — - 63 - 2 -  ' - -
73 3 - - — Yes 64 — - - - -
V 86 - - - - — 76 1 2 - - -
87 - - - — — 77 — - - - -
88 - - - . - - 78 3 4 - - Yes
P o le s in  t e s t  f o r 30 m onths
VI 10B 3 2 1 Yes 5B 1 _ _ — Yes
11B - 1 4 - Yes 6B - - - - -
12B 1 - 2 1 Yes 7B — - - — -
V II 21B - - - - Yes 16B - -  ■ - - ----
22B 1 - - - Yes 17B - - - 1 -
23B 1 - 1 - Yes 18B - -  . - - Yes
V III 26B 1 1 1 — — 31B 1 1 1 1 -
27B - - 1 - - 32B 1 1 1 - Yes
28B 1 2 - 2 Yes 33B - - 2 - -
T o ta l 35 11 12 7 11 11 16 8 4 8
“  Dash in d ic a te s  none.
2/
“  C av ity  p re s e n t  when s tu d y  i n i t i a t e d  b u t  was deepened .
Two o f  th e  u t i l i t y  com panies t h a t  f in a n c e d  th e  w oodpecker re s e a rc h  
can a ls o  o f f e r  f i r s t - h a n d  acco u n ts  o f  u n p le a s a n t e x p e r ie n c e s  w ith  
h o l e - f i l l i n g  p r a c t i c e s .  Mr. R . Odum, l i n e  in s p e c to r  f o r  P u b l ic  S e rv ic e  
Company o f  Oklahoma, r e c e n t ly  s t a t e d  t h a t  f i l l i n g  h o le s  i n  s p r in g  and 
summer cau sed  more damage b ecau se  b i r d s  a tte m p te d  to  d r i l l  i n t o  t h e i r  
o ld  c a v i t i e s .  He b e l ie v e d  t h a t  h o le s  sh o u ld  b e  f i l l e d  i n  th e  f a l l  and 
w in te r .  However, i n  th e  p r e s e n t  s tu d y , i n  w hich  h o le s  w ere  f i l l e d  in  
Jan u a ry  and November, damage o c cu rred  in  th e  f a l l  and w in te r  a l s o .
L o u is ia n a  Power and L ig h t Company r e c e n t ly  s p e n t  s e v e r a l  th o u san d  
d o l l a r s  f i l l i n g  w oodpecker h o le s  in  a  l i n e  n e a r  M a r k s v i l l e ,  L o u is ia n a .
The p o le s  w ere n o t w rapped w ith  hardw are c l o t h ,  and w ith in  a  few months 
th e  l i n e  was a g a in  s e r io u s ly  damaged by w oodpeckers .
C o n c lu s io n s .—W hether o r  n o t w oodpecker damage i s  r e p a i r e d ,  th e r e  
i s  l i t t l e  e f f e c t  on th e  amount o f damage t h a t  f o l lo w s .  However, th e r e  
i s  a p p a re n t ly  a  ten d en cy  f o r  w oodpeckers to  make more s m a l l ,  e x p lo ra to ry  
p ro b e s  i n  p o le s  a f t e r  a l l  p re v io u s ly  ex cav a ted  h o le s  a r e  f i l l e d .  Such 
h o le s ,  i f  n o t e n la r g e d , would n o t r e q u ir e  any re m e d ia l  a c t i o n .  A nother 
f in d in g  o f  i n t e r e s t  i s  t h a t  p o le s  a re  s t i l l  b e in g  damaged a t  a  r e l a t i v e l y  
h ig h  r a t e  a f t e r  7 y e a r s ,  w hich d is c o u n ts  th e  b e l i e f  t h a t  damage d rops 
o f f  s h a rp ly  a f t e r  an  i n i t i a l  peak  soon a f t e r  c o n s t r u c t io n  o f  th e  l i n e .
I f  th e  r a t e  does d e c r e a s e ,  i t  i s  s t i l l  f a r  above an  a c c e p ta b le  l e v e l .
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Evaluating damage
Woodpecker damage may have two se rio u s e f f e c ts  on po les: a
reduc tion  in  s tre n g th  or an opening fo r decay organism s. Both were 
in v es tig a te d  in  th is  re sea rch .
S treneth  Loss
P ro c e d u re s .- - E ig h te e n  c l a s s  2, 5 0 -fo o t c re o so te d  so u th e rn  p in e  
p o le s  w ere e x p e r im e n ta lly  b roken  in  th e  f i e l d  in  an e f f o r t  to  d e te rm in e  
th e  e x te n t  t h a t  woodpecker damage re d u c es  s t r e n g th .  A ll  p o le s  w ere
on Saline  W ild life  Management Area and, w ith the exception  of two used
/
a s  c o n t r o l s ,  c o n ta in e d  one o r  more com pleted  n e s t  c a v i t i e s  o r  h o le s  w ith  
o pen ings a t  l e a s t  3 in c h e s  in  d ia m e te r . A c a b le  was a t ta c h e d  2 f e e t  
down from  th e  top o f  th e  p o le s  (ASTM S tan d a rd  D1036-58) and fo r c e  was 
a p p lie d  w ith  a  w inch t r u c k .  F orce was a p p lie d  in  a  d i r e c t i o n  so t h a t  
th e  s id e  o f  a  p o le  w ith  th e  g r e a t e s t  amount o f  wood lo s s  was in  te n s io n .  
T h is p e rm itte d  s t a n d a r d iz a t io n ,  and i t  was presum ed t h a t  p o le s  would 
f a i l  e a s i e r  w ith  th e  damage in  te n s io n  th an  co m p ress io n . 'T he  r a t e  o f  
lo a d in g  was a b o u t 7 .5  f e e t  p e r  m in u te . A dynamometer was p la ce d  in  th e  
l i n e  to  re c o rd  th e  amount o f  fo rc e  n e c e s sa ry  to  b re a k  th e  p o le s .
P o le s  w ith  more th an  one c a v i ty  were t e s t e d  in  a  d i r e c t i o n  th a t  was 
presumed to  r e s u l t  in  th e  b reak ag e  w ith  th e  l e a s t  f o r c e .  A s p e c ia l  
c o l l a r  was b u i l t  to  p la c e  around th e  p o le s  a t  th e  ground to  r e s t r a i n  
them from  p u l l in g  o v e r . The c o l l a r  was n o t used on th e  f i r s t  p o le  
and , a lth o u g h  i t  had a  com pleted  c a v i ty ,  i t  caved o v e r in s te a d  o f  
b re a k in g .
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C irc u m fe re n t ia l  m easurem ents w ere made a t  th e  to p ,  p o in t  o f 
lo a d in g , g ro u n d lin e , and p o in t  o f  f a i l u r e .  The le n g th  o f  p o le  above 
g ro u n d lin e  and d is ta n c e  from  to p  to  p o in t  o f  f a i l u r e  w ere a ls o  
m easured . A ll  w oodpecker h o le s  in  each p o le  w ere p lo t t e d  on a  d a ta  
s h e e t  and t h e i r  d im en sio n s  d e s c r ib e d . L a te r ,  a  c a l c u l a t i o n  was made 
o f  th e  amount o f  wood removed in  c r o s s - s e c t i o n a l  a r e a  a t  th e  h o le s  
(F ig u re  2 1 ) .  However, ' wood ex cav a ted  was d e te rm in ed  fo r  on ly  one 
c r o s s - s e c t i o n a l  p la n e  f o r  in c lu s io n  in  th e  r e s u l t s .  In  o th e r  w ords, 
damage a t  d i f f e r e n t  l e v e l s  was n o t added .
A m a th e m a tica l model was c o n s tru c te d  to  p r e d i c t  s t r e n g th  lo s s  
based  on changes in  moments o f  i n e r t i a  due to  rem oval o f  wood. V alues 
o b ta in e d  from  p o le s  i n  th e  f i e l d  w ere used  to  t e s t  th e  m odel.
R e s u lts  and d i s c u s s io n . —Twelve o f  th e  damaged p o le s  f a i l e d  a t  
woodpecker h o le s ;  th e  o th e r  fo u r  f a i l e d  n e a r e r  th e  g round . One b ad ly  
damaged p o le  caved o v er b e fo re  th e  g ro u n d lin e  r e s t r a i n i n g  c o l l a r  was p u t 
in to  use  ( th e  p o le s  w ere a p p ro x im a te ly  7 f e e t  in  th e  g ro u n d ). None o f 
th e  p o le s  had been  in  th e  f i e l d  o v e r 4 y e a r s ,  and a l l  w ere f r e e  o f  decay .
Im p o rta n t f in d in g s  o f  th e  t e s t  a r e  summ arized in  T ab le  12. The 
p e rc e n t o f  c r o s s - s e c t i o n a l  a re a  o f  wood removed a t  woodpecker h o le s  
(column 5 in  T ab le  12) ran g ed  from 12 .3  to  72 .2  p e rc e n t  w ith  an av erag e  
o f  39 .5  p e rc e n t .  The av erag e  h o r iz o n ta l  d is ta n c e  o f  th e  open ings was 3 .5  
in c h e s , o r a b o u t 8 p e rc e n t  o f  th e  a v e rag e  c irc u m fe re n c e . When c u t 
h o r i z o n ta l ly  th ro u g h  th e  o p e n in g s , th e  c a v i t i e s  w ere somewhat U -shaped, 
e s p e c ia l ly  th e  com pleted  n e s t  c a v i t i e s .
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F ig u re  21. P o le  s e c t io n  showing c r o s s - s e c t i o n a l  c o n f ig u r a t io n
o f  a h o r iz o n ta l  c u t th ro u g h  th e  c e n te r  o f  th e  c a v i ty  
e n tr a n c e .
T ab le  1 2 . D a ta  o b ta in e d  from  b re a k in g  18 w oodpecker-dam aged u t i l i t y  p o le s
P o le
number




D is ta n c e  
apex  to  
p o in t  o f  
f a i l u r e
D iam eter 
a t  
p o in t  
o f  f a i l u r e
Wood
removed from  x - s e c t .
a r e a  a t  p o in t  o f  
m ost s e v e re  damage
Fx , l a t e r a l  
fo r c e  
n e c e s s a ry  to  
b re a k  p o le s
NESC r a t i n g  
a t  
p o in t  
o f  f a i l u r e
P ro p o r t io n  o f  
s t r e n g th  
compared to  
r a t e d  v a lu e
F e e t------------ In ch es P e rc e n t  < Pounds F o o t - lb s . P e rc e n t
1221 4 4 .2 1 9 .5 1 1 .6 3 2 .0 2 ,1 5 2 72,698 5 1 .8
2112 4 2 .2 3 9 .2 1 4 .0 1 2 .3 4 ,826 136,580 131 .4
2122 4 1 .7 9 .7 1 1 .8 5 2 .0 4 ,257 50 ,155 6 5 .4
2211 4 3 .4 3 1 .4 1 2 .4 4 5 .2 3 ,641 108,076 9 9 .0
2212 4 3 .1 3 8 .8 1 3 .4 0 3 ,704 135,009 101 .0
2221 4 3 .1 2 3 .5 1 2 .8 3 0 .5 4 ,0 7 7 83,557 104 .9
2222 4 3 .6 1 8 .8 1 1 .5 5 2 .9 4 ,1 8 4 70 ,391 9 9 .9
4112 4 3 .0 3 3 .2 1 4 .0 24 .5 4 ,5 2 1 114,260 123 .5
4121 4 2 .6 3 .8 9 .1 72 .2 2 ,465 39,145 1 1 .3
4211 4 2 .4 28 .6 1 2 .1 0 3 ,512 98 ,803 9 4 .6
4221 4 3 .1 1 7 .3 11 .9 4 4 .3 2 ,467 67 ,146 5 6 .0
5112 4 3 .7 3 6 .0 1 3 .8 1 9 .7 4 ,2 0 8 124,340 1 1 5 .1
5121 4 3 .2 3 9 .8 1 3 .4 1 7 .2 4 ,1 7 3 132,869 1 20 .1
6121 4 3 .2 2 7 .0 1 2 .7 2 5 .5 2*161 93 ,894 5 7 .5
6222 4 2 .2 1 8 .8 11 .5 5 4 .2 3 ,784 70,897 9 1 .8
7122 4 2 .9 5 .2 1 0 .3 6 2 .7 4 ,4 0 3 41 ,684 3 4 .3
7221 4 3 .1 1 8 .0 1 1 .3 4 5 .6 2 ,467 88 ,181 6 4 .5
7222 4 4 .1 1 5 .3 1 1 .1 4 1 .8 3 ,089 62 ,353 6 5 .9
VOO'
C a v i t ie s  ex tended  inw ard tow ard th e  c o re s  o f th e  p o le s  an  av e rag e  
o f  8 .7  in c h e s .  S in ce  th e  a v e rag e  d ia m e te r o f  th e  p o le s  a t  com pleted  
c a v i t i e s  was 11 .6  in c h e s ,  ab o u t 3 in c h e s  o f  wood rem ained  a t  th e  b a ck .
The th ic k n e s s  o f  wood a t  th e  back  s id e  o f h o le s  i s  u s u a l ly  g r e a te r  th a n  
on th e  s id e s  o f  th e  c a v i t i e s ,  w here th e  rem ain ing  wood may be l e s s  th a n  
1 in c h  th i c k .  The d ia m e te rs  a t  p o in t  o f  f a i l u r e  (column 4) a v e rag e d
1 2 .2  in c h e s .
A ll th e  p o le s  w ere 50 f e e t  in  le n g th  w ith  abou t 7 f e e t  i n  th e  
g ro u n d , so  43 f e e t  w ere above g ro u n d lin e  (column 2 ) .  Damaged p o le s  
t h a t  b ro k e  a t  woodpecker h o le s  av erag ed  1 7 .7  f e e t  from th e  apex  to  th e  
p o in t  o f  f a i l u r e  (colum n 3 ) .  The two p o le s  th a t  had no damage and th e  
fo u r  t h a t  d id  n o t b re a k  a t  w oodpecker h o le s  averaged  35 .1  f e e t  from  th e  
apex  to  p o in t  o f  f a i l u r e .  T h is i s  in  agreem ent w ith  r e s u l t s  from  
Wood e t  a l .  (1960) a t  th e  F o r e s t  P ro d u c ts  L a b o ra to ry , M adison, W isco n s in , 
who found t h a t  5 5 - fo o t  u n tr e a te d  s o u th e rn  p in e  p o le s  t e s t e d  by th e  
c a n t i l e v e r  method b ro k e  a t  9 .0  f e e t  above th e  g ro u n d lin e . They a ls o  
found t h a t  sm a lle r  p o le s  (25 and 30 f e e t )  b roke  n e a re r  th e  g ro u n d , th e  
m a jo r i ty  from  1 to  3 f e e t  above g ro u n d lin e . They s ta te d  t h a t  th e  
d i f f e r e n c e  betw een th e  la rg e  and sm all p o le s  was due to  th e  maximum 
s t r e s s  in  a  c a n t i l e v e r  w ith  th e  shape  o f a  fru stu m  o c c u r r in g  w here th e  
d ia m e te r i s  1 .5  tim es th e  d ia m e te r  a t  p o in t  o f lo a d in g . S in ce  th e  t a p e r  
i s  g r e a te r  i n  l a r g e r  p o le s ,  th e  p o in t  o f  maximum s t r e s s  was h ig h e r  from  
th e  g ro u n d lin e  th a n  fo r  th e  s h o r t e r  p o le s .
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The amount o f f o r c e  n e ce so a ry  to  b re a k  th e  t e s t  p o le s  was compared
to  N a tio n a l E l e c t r i c  S a fe ty  Code v a lu e s  computed In  th e  REA L ine  Manual
B u l le t in  66-1 (columns 6 , 7 , and 8 ) .  Those v a lu e s  r e p r e s e n t  th e  r e s i s t i n g
moments fo r  s p e c i f ie d  s i z e s  o f  p o le s  a t  1 - f o o t  in c re m en ts  from th e  apex .
The two p o le s  w ith o u t h o le s  av erag ed  97 .8  p e rc e n t  o f  th e  ex p ec ted  r a t i n g .
The fo u r  t h a t  d id  n o t b re a k  a t  woodpecker h o le s  av erag ed  118 .5  p e rc e n t.
E s s e n t i a l ly  th e s e  fu n c tio n e d  a s  c o n t r o l s ,  b u t  n o t c o m p le te ly . They
p ro b ab ly  r e p r e s e n t  th e  s t r o n g e r  p o le s  o f  th e  p o p u la t io n .
The r e l a t i o n s h ip  b e tw een  d is ta n c e  from th e  ground to  th e  p o in t  o f
f a i l u r e ,  th e  amount o f  wood removed in  c r o s s - s e c t io n a l  a r e a ,  and th e
p e rc e n t o f  r a t e d  s t r e n g th  re m a in in g  a t  f a i l u r e  a r e  shown i n  F ig u re  22.
S in ce  th e  sam ple was s m a l l  (n  = 18) and th e  woodpecker damage n o t o f
a  p red e te rm in ed  s iz e  o r  h e ig h t ,  c o r r e l a t i o n s  betw een th e  v a r i a b l e s - -
amount o f  wood rem oved, d i s ta n c e  from  th e  ground to  p o in t  o f  f a i l u r e ,
and amount o f  s t r e n g th  l e f t  in  th e  p o le s —a r e  d i f f i c u l t  to  d e te rm in e .
However, c e r t a i n  c o n c lu s io n s  can be made b ased  on th e  d a ta  and in fo rm a tio n
i n  th e  l i t e r a t u r e .
Damage n e a r  th e  to p  o f  a  p o le  does n o t weaken i t  a s  much as when
i t  i s  n e a re r  th e  p o in t  o f  maximum s t r e s s ,  w hich i s  a  few f e e t  up from
th e  g ro u n d lin e . For th e  fo u r  p o le s  t h a t  b roke  below  th e  woodpecker
h o le s ,  th e  d is ta n c e s  above  g ro u n d lin e  to  p o in ts  o f  f a i l u r e  w ere 3 .0 ,
1 2 .0 , 9 .8 ,  and 3 .4  f e e t ,  a v e ra g in g  7 .05  f e e t .  A ll  fo u r  o f  th e s e  p o le s
had se v e re  woodpecker dam age. P o le  #5121 had 1 7 .2  p e rc e n t  o f  i t s
c r o s s - s e c t i o n a l  a re a  rem oved a t  2 1 .1  f e e t  above g ro u n d lin e , p o le  2112
had 12 .3  p e rc e n t  a t  2 5 .8  f e e t ,  p o le  4112 had 24 .5  p e rc e n t  removed a t
3 1 .3  f e e t ,  and p o le  2211 had  4 5 .2  p e rc e n t removed a t  3 5 .2  f e e t .  And
y e t  th e se  fo u r  p o le s  b ro k e  below  th e  p o in t  o f  damage w ith  an  average
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The two p o le s  t h a t  b ro k e  w ith  th e  l e a s t  amount o f  fo rc e  a ls o  
had th e  l a r g e s t  amount o f  c r o s s - s e c t i o n a l  a re a  rem oved. P o le  4121, w ith
72 .2  p e rc e n t  o f  th e  wood rem oved, r e t a in e d  o n ly  1 1 .3  p e rc e n t  o f  i t s  
s t r e n g th ;  p o le  7122 had 6 2 .7  p e rc e n t  wood removed and r e ta in e d  34 .3  
p e rc e n t  o f  i t s  s t r e n g th .  The c o n f ig u r a t io n  o r shape  o f  th e  woodpecker 
damage, h e n ce  th e  shape o f  th e  wood re m a in in g , a f f e c t s  th e  s t r e n g th .
For i n s ta n c e ,  i t  i s  p o s s ib le  t h a t  th e  2 7 .8  p e rc e n t  o f  th e  wood rem a in in g  
on p o le  4121 would have caused  a  d i f f e r e n t  s t r e n g th  v a lu e  i f  th e  
e x c a v a tio n  a round  th e  c e n te r  o f  th e  p o le  had a d i f f e r e n t  d i s t r i b u t i o n .
The c o n f ig u r a t io n  c au s in g  th e  l e a s t  r e d u c t io n  in  s t r e n g th  would be a  
sm all open ing  w ith  m ost o f  th e  wood removed from th e  c e n te r  o f  th e  p o le .  
T h is would re sem b le  a  h o llo w  p ip e  w ith  m ost o f  th e  c irc u m fe re n ce  i n t a c t .
As seen  i n  t h i s  s tu d y , and su p p o rte d  by o th e r  s tu d ie s ,  th e re  i s  
c o n s id e ra b le  v a r i a t i o n  in  th e  s t r e n g th  o f  wooden p o le s .  By d e f i n i t i o n ,  
th e  so u th e rn  p in e s  in c lu d e  s e v e r a l  s p e c ie s  w hich p ro b ab ly  d i f f e r  in  
s t r e n g th .  B ut based  on h u n d red s  o r  th o u san d s  o f  p o le s  th e se  d i f f e r e n c e s  
m igh t n o t be im p o r ta n t. A lso , a s  much o r more v a r i a t i o n  can  be 
ex p ec ted  w i th in  a  s p e c ie s  a s  betw een  s p e c ie s .  W hile l i t t l e  i f  a n y th in g  
can be done a b o u t t h i s  n a tu r a l  v a r i a t i o n ,  th e  p r a c t i c e s  o f  wood 
c o n d it io n in g  and p r e s e r v a t io n  can be m a n ip u la te d .
W. S. Thompson (1969) o f  th e  F o r e s t  P ro d u c ts  U t i l i z a t i o n  L a b o ra to ry  
a t  M is s is s ip p i  S ta te  U n iv e r s i ty  h a s  p u b lish e d  re s e a rc h  r e s u l t s  d e a l in g  
w ith  th e  e f f e c t s  o f  s team in g  and k i l n  d ry in g  on th e  p r o p e r t i e s  o f  
so u th e rn  p in e  p o le s .  He found t h a t  k i l n - d r i e d  p o le s  had h ig h e r  s t r e n g th  
v a lu e s  th an  p o le s  steam ed a c c o rd in g  to  c u r r e n t  s ta n d a rd s .  The te m p e ra tu re
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o f  d ry in g  a ls o  a f f e c te d  s t r e n g th  b u t  n o t d r a s t i c a l l y .  One p o s s ib le  
draw back o f  k i l n  d ry in g  I s  th e  e f f e c t  on r e t e n t io n  o f  c r e o s o te .
Thompson found t h a t  p o le s  t h a t  had b een  d r ie d  a t  182° F c o n ta in e d  s i g n i f ­
i c a n t l y  l e s s  p r e s e r v a t iv e  th a n  th o s e  d r ie d  a t  152° F, b u t a su p p lem en ta ry  
s tu d y  d id  n o t su p p o rt t h i s .  He concluded  th a t  f u r th e r  work i s  need ed .
I t  i s  p ro b a b le  t h a t  i f  t r e a t i n g  com pan ies 'have  e x c e s s iv e  d i f f i c u l t y  
in  t r e a t i n g  k i ln - d r i e d  p o le s ,  even though s t r e n g th  p r o p e r t i e s  a r e  h ig h e r ,  
th ey  would be r e l u c t a n t  to  d is c a r d  s team ing  in  fa v o r o f  k i l n  d ry in g . 
P e n e tr a t io n  and r e t e n t io n  o f  p r e s e r v a t iv e  a re  two o f th e  m ost im p o r ta n t 
re q u ire m e n ts  w ith  w hich t r e a t e r s  a re  co n ce rn e d ..
A nother c o n t r o l l a b le  f a c to r  a f f e c t i n g  s t r e n g th  o f f in i s h e d  p o le s  
i s  m achine p e e l in g .  W hile t h i s  p ro c e ss  r e s u l t s  in  making p o le s  
e s t h e t i c a l l y  p le a s in g ,  i t  can  a l s o  r e s u l t  i n  a  lo s s  o f  s t r e n g th  when 
c ro o k s  and e n la rg e d  p o r t io n s  a r e  rem oved. C o n seq u en tly , u n t i l  r e c e n t ly  
many u t i l i t y  com panies r e q u ir e d  t h e i r  la r g e  p o le s  to  be  h a n d -p e e le d , b u t  
l a t e l y  m ost have been  fo rc e d  to  u se  m ach in e-p ee led  p o le s .
In  c o n n e c tio n  w ith  th e  f i e l d  r e s u l t s ,  an a tte m p t was made to  
c o n s t r u c t  a m a th em atica l model t h a t  co u ld  be used in  e s t im a t in g  l a t e r a l  
lo a d -c a r ry in g  c a p a c i ty  i n  w oodpecker-dam aged p o le s .  The n e c e s s a ry  
a ssu m p tio n s  a re :
1 . The p o le  i s  f ix e d  i n  th e  ground and a c t s  a s  a 
c a n t i l e v e r  w ith  a  ta p e re d  s e c t io n .
2 . The c ro s s  s e c t io n  i s  homogeneous.
3 . L a te r a l  lo ad  i s  a p p l ie d  2 f e e t  below th e  apex o f  th e  p o le .
4 . The w oodpecker n e s t  c a v i ty  i s  approx im ated  w ith  a  c i r c l e  
(a re a  B in  F ig u re  23) and a r e c ta n g le  (a re a  C, F ig u re  2 3 ) .
5 . Hie damage i s  assum ed to  be in  th e  w o rs t p o s i t io n  around  
th e  c irc u m fe re n ce  o f  th e  p o le , i . e .  c o n s id e r  i t  w ith  m ost 
r e s p e c t  to  th e  x -x  a x is  (F ig u re  2 3 ).
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dQ — o u ts id e  d ia m e te r . In ch es  
dj[ = I n s id e  d ia m e te r , in c h e s
t g = th ic k n e s s  o f  s h e l l  a t  e n tra n c e , in c h e s  
dh = h o r iz o n ta l  open ing  o f  e n tra n c e , in c h e s  
dy = d is ta n c e  from o r i g i n a l  c e n tr o id  to  
c e n tr o id  o f  a re a  B, in c h e s  
y = d isp la c e m e n t o f  c e n t r o id ,  in c h es
F ig u re  23. Model used f o r  c a lc u la t in g  re d u c t io n  o f  moment o f  
i n e r t i a  in  a  damaged p o le .
The p ro c e d u re  w hich fo llo w s  assum es th a t  th e  damage re d u c es  th e
moment o f  i n e r t i a  o f  th e  p o le  and s h i f t s  th e  c e n t r o id a l  a x is  away
from th e  c e n t e r  (Popov 1 9 6 8 ). As an exam ple, suppose a c la s s  2 , 5 0 - fo o t
p o le  c o n ta in s  w oodpecker damage 2 3 .5  f e e t  from th e  ap ex . M easurem ents
a re  ( r e f e r  t o  F ig u re  23 f o r  c l a r i f i c a t i o n ) :
d 0 = o u ts id e  d ia m e te r  o f  p o le  = 1 2 .8  in c h e s
d^ =  in s id e  d ia m e te r  o f  c a v i ty  = 6 . 6  in c h es
d^ = h o r iz o n ta l  w id th  o f  e n tra n c e  = 3 .2 5  in c h es
t g =  av e rag e  th ic k n e s s  o f  s h e l l  on each  s id e  o f  e n tra n c e  
h o le  = 1 .8  in c h e s
The fo l lo w in g  c a l c u l a t i o n s  a r e  th e n  made.
1 . C r o s s - s e c t io n a l  a r e a s .
2 . L o c a tio n  o f  c e n tr o id  a f t e r  damage.
3 . New moment o f  i n e r t i a  a f t e r  damage.
C a lc u la t io n  o f  a r e a s :
A = A rea o f  c r o s s - s e c t i o n  o f  p o le  w ith o u t damage
* <di > 2 2
B = A rea i n s id e  c a v i ty  = -----    = 34 .19  i n .
4
2
C = A rea o f  e n tra n c e  ( d h ) ( t g ) = 4 .2 2  in .
* <do> 2 2
-----------  = 128.61  i n . *
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location of centroid:
(C o l. 2)
(C o l. 1) D is ta n c e  from  c e n te r
Area to  c e n t r o id  o f  a re a  (C o l. 1) x (C o l. 2)
Inch* In ch
A = 128.61 0 0
B = -3 4 .1 9  + 1 .3  -4 4 .4 5
C = -4 .2 2  + 5 .5  -2 3 .2 1
+90.20 -6 7 .6 6
y = ' 6 7 =  -0 .7 5  in c h e s90.20
Thus, th e  c e n tr o id  h a s  s h i f t e d  away from  th e  c e n te r  o f  th e  p o le , 
t h a t  i s ,  away from  th e  e n tr a n c e  h o le .
C a lc u la t io n  o f  moment o f  i n e r t i a  o f  new s e c t io n  u s in g  p a r a l l e l  a x is  
theorem  (Popov 1968):
I  = I  + Ad2 
th e re fo re :
— 2I Q = I Q Ad = Moment o f  i n e r t i a  o f  o r ig i n a l  s e c t io n  ab o u t 
new c o n t r o id a l  a x is
I Q = Moment o f  i n e r t i a  o f  o r i g i n a l  s e c t io n  a b o u t i t s  own 
c e n t r o id a l  a x is
d = D is ta n c e  from  new c e n t r o id a l  a x is  to  c e n tr o id  
o f  a r e a  A
A = Area o f  o r i g i n a l  s e c t io n
I  = = 1316.94  i n . *
o 64 - 64
Ad2 = ( 1 2 8 .6 1 ) ( - .7 5 ) 2 = 72 .34  i n . 1*
and I Q = 1389.28  i n . 1*
s im i la r ly :
I], = I  o f  a re a  B a b o u t new c e n t r o id a l  a x is
TrCdi)^ Tr(6.6)**
T — _  ^  Q
b =  64 “ 64 93 .09
Bdb2 = (3 4 .1 9 )  ( 2 . 0 5 )2 143 .68
2 36 .77  in
and I c I  o f  a r e a  C a b o u t new c e n t r o id a l  a x i s
(dh ) ( t s ) 3 ( 3 .2 5 ) ( 1 .8 ) 3
Ic = 12, “ 12 1 .5 8
^com posite
Cdc2 = ( 4 .2 2 ) ( 6 .2 5 )2 
Ic
i t e  = I D “ !b  -  ! c  = 986 .09  i n . 4
164 .84
166.42  in
E stim a ted  l a t e r a l  lo a d - c a r r y in g  c a p a c i ty :
An averag e  v a lu e  fo r  f i b e r  s t r e s s  was o b ta in e d  from  th e  two
damage. T es t r e s u l t s  fo r  th e s e  s ix  p o le s  ranged  from  6 ,2 8 4  to  8 ,017  
p . s . i .  w ith  an av e rag e  o f  7 ,0 9 1  p . s . i .  Using th e  com posite  moment o f  
i n e r t i a  o f th e  s e c t io n  a t  th e  lo c a t io n  o f  damage, th e  lo c a t io n  o f  th e  
c e n t r o id ,  and th e  av erag e  maximum f i b e r  s t r e s s ,  i t  i s  p o s s ib le  to  so lv e  
f o r  th e  e s tim a te d  lo ad  from  th e  e q u a tio n :
P _ o l
w here P = E s tim a ted  lo ad  to  cau se  f a i l u r e ,  pounds 
a  = Average maximum f ib e r  s t r e s s ,  p . s . i .
I  = Moment o f  i n e r t i a  a f t e r  damage, i n . 1*
L = D is ta n c e  from lo ad  p o in t  to  dam age, f e e t  
c = D is ta n c e  from  c e n t r o id a l  a x is  to  ex trem e f i b e r s ,  in c h e s .
undamaged p o le s  and from f o u r  p o le s  t h a t  b roke  below  th e  woodpecker
(1 2 > (L )(c )
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U sing v a lu e s  from  th e  exam ple, a P o f  3 ,7 8 8  pounds was c a lc u la te d .
T his compares to  an a c tu a l  lo ad  o f  4 ,0 7 7  pounds. By u s in g  th e  p re c ed in g  
m ethod, e s tim a te d  lo a d s  w ere computed f o r  th e  t e s t  p o le s  and a re  compared 
w ith  a c tu a l  lo a d s  o b ta in e d  in  th e  f i e l d  (T ab le  1 3 ) .
S ev e ra l p o in ts  r e q u i r e  e la b o r a t io n .  The a v e rag e  s t r e s s  v a lu e  
c a lc u la te d  (7 ,0 9 1  p . ' s . i . )  shou ld  a c tu a l ly  n o t be a p p lie d  to  th e  upper 
p o r t io n  o f  th e  p o le s  b e ca u se  a l l  th e  c o n t r o l  p o le s  f a i l e d  in  th e  re g io n  
o f  maximum s t r e s s ,  w hich  i s  i n  th e  low er p o r t io n  o f  th e  p o le .  This 
p o r t io n  i s  r e l a t i v e l y  f r e e  o f  k n o ts  and p ro b a b ly  e x h ib i t s  a  d i f f e r e n t  
bend ing  s t r e n g th  th a n  th e  upper p o r t io n ,  e s p e c ia l l y  when th e  upper p a r t  
c o n ta in s  s e v e ra l  k n o ts .  A lso , i t  i s  re c o g n ize d  t h a t  s t r e n g th  may be 
reduced  when k n o ts  a r e  shaved to o  c lo s e ly  in  m achine p e e l in g .
C o n s id e ra tio n  sh o u ld  be g iv en  to  th e  lo c a t io n  o f  woodpecker damage 
in  r e l a t i o n  to  th e  r e g io n  o f  maximum s t r e s s .  F ib e r  s t r e s s  in c re a s e s  up 
to  th e  m id -p o in t o f  th e  p o le  and s lo w ly  ap p ro ach es  a maximum a t  ab o u t 
33 f e e t  from th e  lo a d  p o in t  b e fo re  d e c l in in g .  At m id -p o in t ap p ro x im a te ly  
90 p e rc e n t o f  th e  s t r e s s  h a s  been  d ev e lo p ed . These c a lc u la t io n s  a re  
based  on th e  minimum d im en sio n s  o f  a 5 0 - f o o t ,  c l a s s  2 p o le  w hich i s  s e t  
7 f e e t  in  th e  ground and lo ad ed  as  a  c a n t i l e v e r  a t  a p o in t  2 f e e t  below  
th e  apex . A un ifo rm  ta p e r  h a s  been  assumed from  a to p  c irc u m fe re n ce  
o f  25 in ch es  to  a  minimum c irc u m fe re n ce  o f  42 in c h e s  a t  6 f e e t  from th e  
b u t t  (ASA 1963).
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T ab le  13 . Comparison o f  a c tu a l  to  e s t im a te d  f a i l u r e  lo a d s  f o r
w oodpecker-dam aged p o le s
P o le
number C o n d itio n in g
R ed u c tio n  o f  
s e c t io n  
m odulus
P e rc e n t  
wood 
removed 
A c tu a l Model
D is ta n c e
from
lo ad
A ctu a l
lo ad
E s t .
lo a d
1221 ^ 8
P e t .  o f  o r i g i n a l  




2 ,1 5 2  3 ,179
2221 s 3 3 .0 30 .5 29 .9 21 .5 4 ,077 3 ,7 8 8
2222 s 4 5 .3 5 2 .9 4 2 .8 1 6 .8 4 ,1 8 4 2 ,8 4 3
2122 K 5 5 .1 5 2 .0 4 9 .4 7 .7 4 ,2 5 7 5 ,9 8 6
4121 K 6 2 .8 7 2 .2 66 .4 1 .8 2 ,465 9 ,0 3 3
4221 S 4 8 .6 4 4 .3 3 6 .2 1 5 .3 2 ,4 6 7 3 ,2 8 3
5 1 1 2 ^ K — 1 1 .6 — 34 .0 4 ,2 0 8 3,069
6121 K 4 1 .5 2 5 .5 26 .0 2 5 .0 2 ,1 6 1 2 ,7 7 6
1 /
6222“ S — 5 4 .2 — 1 6 .8 3 ,7 8 4 2 ,8 4 8
7122 K 5 6 .6 6 2 .7 6 0 .4 3 .2 4 ,4 0 3 8 ,5 7 6
7221 S 4 6 .3 4 5 .6 4 2 .2 1 6 .0 2 ,467 2 ,8 0 6
7222 S 4 3 .7 4 1 .8 38 .9 1 3 .3 3 ,089 3 ,358
These p o le s  had more th a n  one h o le  In  h o r iz o n ta l  p la n e  o f  
f a i l u r e ;  p ro b a b ly  sh o u ld  n o t  b e  In c lu d e d .
2 /
S d e n o te s  steam  c o n d i t io n in g ;  K d e n o te s  k i l n  d r ie d .
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C o n c lu s io n s . —The p re c ed in g  comments em phasize v a r io u s  d i f f i c u l t i e s  
in  making an e s t im a te  o f  th e  l a t e r a l  lo a d -c a r ry in g  c a p a c i ty  o f  a damaged 
p o le .  One o f  th e  more im p o rtan t f a c to r s  to  be c o n s id e re d  i s  th e  s t r e s s  
c o n c e n tra t io n  o c c u r r in g  where th e  c r o s s - s e c t io n  changes a b r u p t ly  as 
a t  a w oodpecker -c a v ity . When such f a c to r s  a s  v a r i a t i o n s  in  d e n s i ty ,  
p o s s ib le  b u c k lin g , and n a tu r a l  v a r i a t i o n  o f wood a r e  added , i t  i s  n o t 
s u r p r i s in g  t h a t  th e  e s tim a te d  v a lu e s  c a lc u la te d  and shown i n  T ab le  13 
have such a w ide  v a r i a t i o n .
In  o rd e r  fo r  th e  te ch n iq u e  to  be used  a s  a  means f o r  th e  s e l e c t i v e  
rem oval o f  damaged p o le s  from  a  u t i l i t y  l i n e ,  in fo rm a tio n  i s  needed on 
s t r e s s  c o n c e n tra t io n s  a t  th e  lo c a t io n  o f  w oodpecker damage. A lso  needed 
a re  v a lu e s  o f  maximum ben d in g  s t r e n g th  f o r  th e  u p p er p o r t io n s  o f  p o le s  
where w oodpecker damage i s  l i k e l y  to  o c c u r .
Decay
The f a c t  t h a t  w oodpeckers p e n e tr a te  th e  o u te r  p r o te c t iv e  la y e r  o f  
h e a v i ly  p re se rv e d  wood has le d  u t i l i t y  company e n g in e e rs  to  b e l ie v e  decay  
in  damaged p o le s  i s  i n e v i t a b l e .
P ro c e d u re s . —To o b ta in  in fo rm a tio n  on th e  p re c e d in g  s u p p o s i t io n ,
80 c re o so te d  p in e  p o le  s e c t io n s  w ere c o l l e c te d  by th e  c o o p e ra tin g  u t i l i t y  
com panies fo r  e x am in a tio n . The p re sen c e  o r  ab sen ce  o f  decay and c o n d it io n s  
i n  th e  p o le  which may have le d  to  i n i t i a l  a t t a c k  w ere n o te d .
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A t e s t  to  e v a lu a te  f u r th e r  th e  r a t e  and s e r io u s n e s s  o f  decay  in  
c re o so te d  s e c t io n s  was conducted  in  a g re e n h o u se . T w en ty -fou r 
c re o s o te d  s e c t io n s  8 to  12 in c h es  in  d ia m e te r  and a p p ro x im a te ly  24 
in c h e s  lo n g  were m o d if ied  to  resem ble  woodpecker damage. C u p lik e  
d e p re s s io n s  w ere c h is e le d  o u t  o f  one end o f  each  s e c t io n  (F ig u re  2 4 ).
On 12 s e c t io n s  a m ix tu re  o f  p e n tac h lo ro p h e n o l and o i l  was added a t  th e  
r a t e  o f  0 .5  pound o f  d ry  p e n ta  s a l t s  p e r  cu b ic  f o o t ,  b ased  on th e  
c a lc u la te d  volume o f  wood in  th e  c y l in d e r  d i r e c t l y  below  th e  
d e p re s s io n  (d en o ted  by a r ro w ) . Then two le v e l s  o f  w a te r ,  50 ml 
and 100 m l, w ere added to  th e  24 s e c t io n s  a t  w eek ly  i n t e r v a l s
The trea tm ents were:
1. 6 s e c t io n s —50 ml o f  w a te r  added once a week (S e c tio n s
303, 305, 309, 313, 317, and 3 1 9 ).
2 . 6 s e c t io n s — 100 ml o f  w a te r  added once a  week (S e c tio n s
302, 307, 310, 314, 315, and 3 1 8 ).
3 . 6 s e c t io n s —50 ml o f  w a te r added once a  week b u t
t r e a te d  w ith  p e n tac h lo ro p h e n o l p r io r  to  a d d i t io n  o f  th e  
f i r s t  w a te r  (S e c tio n s  306, 311, 312, 322, 323, and 3 2 4 ).
4 . 6 s e c t io n s - - 1 0 0  ml o f  w a te r  added once a  week b u t t r e a te d
w ith  p e n ta c h lo ro p h e n o l p r i o r  to  a d d i t io n  o f  th e  f i r s t  
w a te r (S e c tio n s  301, 304, 308, 316, 320 , and 3 2 1 ).
A ll  s e c t io n s  w ere p la c e d  in  a g reen h o u se  w here i t  was b e lie v e d  th e
warmer te m p e ra tu re s  in s id e  would a c c e le r a te  th e  r a t e  o f  d ecay . The 
s tu d y  was s t a r t e d  in  A p r i l  1969. In  A ugust 1971 th e  s e c t io n s  w ere s p l i t  
and c u l tu r e s  fo r  fu n g i w ere made from  c h ip s  ta k en  n e a r  th e  bo tto m  and
s id e s  o f  th e  e x c a v a tio n s . Three p l a t e s ,  each  w ith  f i v e  c h ip s  f o r  a
t o t a l  o f  15 sam p les , w ere made fo r  each  s e c t io n .  In  a d d i t io n ,  a  com pleted  
n e s t  c a v i ty  was c o l l e c te d  from  th e  f i e l d  and wood sam ples w ere ta k en  
from  55 s p o ts  c lo s e  to  w here th e  wood was rem oved.
! 3"t
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Figure 24. Cuplike depressions were ch iseled  out of creoso ted  
sec tio n s  and w ater added a t  weekly in te rv a ls  to  
encourage decay.
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S in ce  a l l  s e c t io n s  w ere  n o t  th e  same d ia m e te r , th e  p e n e t r a t io n  
o f  c re o s o te  was n o t co m p arab le . To p e rm it I s o l a t i o n  o f v a r i a t i o n  
caused  by t h i s ,  th e  s e c t io n s  w ere b lo ck ed  f o r  s t a t i s t i c a l  a n a ly s is ;  
w ith in  each b lo c k  th e  s e c t io n s  w ere a s  un ifo rm  in  s i z e . a s  p o s s ib le .  
T rea tm en ts  w ere a s s ig n e d  a t  random to  s e c t io n s  w i th in  th e  b lo c k s .
There were s ix  b lo c k s  and fo u r  t re a tm e n ts  in  th e  s tu d y . The freq u en cy  
o f decay was th e  t e s t  v a r i a b l e .
R e s u lts  and d i s c u s s io n . —In  exam ining 80 s e c t io n s  o f damaged 
p o le s  c o l l e c te d  by th e  c o o p e ra to r s  in  L o u is ia n a , so u th  A rk an sas , 
and e a s t  T ex as, I  found o n ly  two in  w hich decay  was d e f i n i t e l y  a s s o c ia te d  
w ith  w oodpecker a t t a c k .  A d m itte d ly , w oodpeckers deepen c a v i t i e s  ^hey 
re u s e  and th e re b y  remove e v id e n c e  o f  d ecay . Many o f  th e  s e c t io n s  
c o l le c te d  w ere from  p o le s  b e in g  changed o u t f o r  re a so n s  o th e r  th an  
w oodpecker damage, and from  t h e i r  ap p ea ran ce  w ere s e v e ra l  y e a rs  o ld  
and a lm o st c e r t a i n l y  h a v in g  some g ro u n d lin e  d ecay .
Of th e  24 s e c t io n s  m a in ta in ed  in  t e s t  under c o n d i t io n s  fa v o r in g  
d ecay , o n ly  s e c t io n  #307 had  v i s i b l e  decay a f t e r  28 m onths. T hat 
s e c t io n  was n o t  p r e t r e a t e d  w ith  p e n ta c h lo ro p h e n o l and had 100 m l. o f 
w a ter added w eek ly . D is s e c t io n  re v e a le d  th e  amount o f  p r e s e r v a t iv e  
(c re o s o te )  was f a r  below  s p e c i f i c a t i o n s .  The o u te r  1 /4  to  1 /2  in ch  
la y e r  o f  wood was s ta in e d  by th e  c r e o s o te ,  b u t i n s id e  wood was u n s ta in e d . 
F a i lu r e  to  g e t  deep p e n e t r a t i o n  o f  th e  p r e s e r v a t iv e  happens o c c a s io n a l ly  
in  th e  t r e a t i n g  c y l in d e r ,  and i t  i s  custom ary  to  r e t r e a t  th o se  p o le s  
n o t p a ss in g  s p e c i f i c a t i o n s .  C lose  in s p e c t io n  a t  th e  t r e a t i n g  p la n t  
i s  needed to  a v o id  s e l l i n g  p o le s  w ith  a su b s ta n d a rd  tre a tm e n t.
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To determine i f  fungi were p resen t in  the se c tio n s  (although decay 
was not v i s ib le ) ,  p a th o lo g is ts  from th e  U. S. F o rest Serv ice,
Southeastern  Area S ta te  and P riv a te  F o re s try  .were asked fo r a ss is ta n c e .
They prepared media and d ire c te d  the procedure fo r making c u ltu re s .
F i f t e e n  sam ples w ere ta k e n  from  each  s e c t io n .  A lso , 55 c u l tu r e s  w ere 
made from th e  wood re m a in in g  around and below  th e  n e s t  c a v i ty  c o l le c te d  
i n  th e  f i e l d .  A summary o f  th e  c u l tu r e s  i s  p re s e n te d  in  Table 14.
A fungus of the genus AmbZyo&pOJiLum was found in  119 of the 360
samples, or 33 p ercen t. Tha*. was the  only fungus found c o n s is te n tly  
throughout the sam ples. R arely , a b a c te r ia l  colony or another fungus 
showed up as contam inants and were no t lo ca liz ed  to  the wood ch ips.
As s ta te d  e a r l i e r ,  w ith  one excep tion , no decay was v is ib le  in  the 
sec tio n s  p r io r  to c u ltu r in g .
The a n a ly s is  o f v a r ia n c e  f o r  com paring th e  fo u r  tre a tm e n ts  (T ab le  23 , 
p . 141 ) re v e a le d  a s i g n i f i c a n t  d i f f e r e n c e  betw een tre a tm e n ts  (P < .0 5 ) .  
Those s e c t io n s  g iv en  a  p re t r e a tm e n t  o f  p e n ta  had l e s s  fu n g i .
The s e c t io n s  o b ta in e d  from  th e  f i e l d  c o n ta in e d  a  c a v i ty
e x cav a ted  by P i l e a te d  W oodpeckers 17 m onths p r e v io u s ly .  There was no 
v i s i b l e  s ig n  o f  decay , b u t  two o f  th e  55 c u l tu r e s  showed grow ths o f 
Am b&yo6pofuum  and f iv e  had a Pew^C^fc&tuwHLike fungus t h a t  was n o t 
f u r th e r  i d e n t i f i e d .
knbZyo&pottAJUm and th e  o th e r  fu n g i found in  t h i s  s tu d y  p ro b ab ly  do 
n o t  cause  wood d ecay . A tb Z yo & p o K u m  i s  c o n s id e re d  a s o i l  fungus and has 
e v id e n t ly  n o t been  s tu d ie d  e x te n s iv e ly .  The o th e r  fu n g i found seem 
to  be f a i r l y  c lo s e ly  r e l a t e d  to  A m bZyoiposU um , so th ey  p robab ly  have 
s im i la r  h a b i t s .  P o s s ib ly  th e  fu n g i w ere r e l a t i v e l y  dorm ant in  th e  t e s t
I l l
Table 14^ Frequency o f  fu n g i In  w ood-chip  c u l tu r e s
S e c tio n
number
T rea tm en t 
number U
Number 
o f  c u l tu r e s  
w ith  fu n g i
P e rc e n t o f  t o t a l  
^No. w ith  fu n g ij
303 1 7 47
305 1 7 ,47
309 1 8 53
313 1 7 47
317 14 93
319 1 10 67
302 2 1 7
307 2 15 100
310 2 4 27
314 2 7 47
315 2 4 27
318 2 0 0
306 3 2 13
311 3 0 0
312 3 3 20
322 3 11 73
323 3 2 13
324 3 8 53
301 4 0 0
304 4 0 0
308 4 1 7
316 4 1 7
320 4 0 0
321 4 7 47
i / s e e  page 107 .
112
s e c t io n s  and w ere p r o l i f i c  o n ly  on th e  la b o r a to r y  m ed ia . O r, i t  i s  
p o s s ib le  t h a t  th e r e  was s u f f i c i e n t  p r e s e r v a t iv e  to  h o ld  them i n  ch eck .
C o n c lu s io n s . —The c o n c lu s io n s  from  t h i s  ex p erim en t w i l l  be 
in c lu d e d  w ith  th o se  from th e  fo llo w in g  s e c t io n .
Measurements o f R a in fa ll  Entering C a v itie s
P ro c e d u re s . —I n  c o n ju n c tio n  w ith  th e  decay  work I  was a ls o
i n t e r e s t e d  in  th e  amount o f r a i n f a l l  t h a t  a c tu a l ly  e n te re d  a woodpecker
c a v i ty .  T h e re fo re , fo u r  s e c t io n s  each w ith  a  man-made woodpecker n e s t  
c a v i ty  w ere mounted n e a r  th e  top  o f  a  3 0 - f o o t  p o le  (F ig u re  2 5 ) . The
open ings o f  th e  c a v i t i e s  w ere o r ie n te d  i n  az im u ths o f  8 3 ° , 173°, 263®,
and 353°. P l a s t i c  bags w ere p la ce d  in  th e  c a v i t i e s  to  c a tc h  th e  w a te r  
t h a t  blew  i n .  A b u lb  and siphon  tu b e  w ere u sed  to  remove th e  w a te r ,  
w hich was m easured in  a  g rad u a ted  c y l in d e r .  A s ta n d a rd  r a i n  gauge was 
used  to  m easure t o t a l  r a i n f a l l .  T h is  p e rm it te d  com parison  betw een  th e  
amount o f  r a i n  t h a t  e n te re d  th e  c a v i t i e s  and th e  amount t h a t  f e l l .
R e s u lts  and d is c u s s io n . —The amount o f  r a i n f a l l  t h a t  e n te re d  th e  
fo u r  c a v i t i e s  in  14 s e p a ra te  r a in s to rm s , o v e r  a  4-m onth p e r io d  from 
December 1968 th ro u g h  March 1969, was m easured  (T ab le  1 5 ) . Amounts 
v a r ie d  w id e ly , depending  on th e  a s p e c t  o f  th e  o p e n in g s . C a v i t ie s  fa c in g  
173° and 263° re c e iv e d  th e  h ig h e s t  p e rc e n ta g e s  o f  r a i n f a l l  w ith  over 
70 p e rc e n t o f  th e  t o t a l  in  th re e  s to rm s . D uring  each  o f  th e  14 r a i n ­
s to rm s , m easu rab le  amounts were cau g h t in  th e  s o u th - f a c in g  c a v i ty .
H ie re  w ere o n ly  two in s ta n c e s  when m easu rab le  amounts w ere n o t caugh t 
in  th e  w est c a v i ty .  The e a s t - f a c in g  c a v i ty  w ith  an azim uth  o f  83° 
r e c e iv e d  e s s e n t i a l l y  no r a i n ,  and th e  one f a c in g  353° (n o r th )  r e c e iv e d  
to k en  am ounts.
F ig u re  25 . Four s im u la te d  woodpecker c a v i t i e s  used, to  c a tc h  
r a i n f a l l .  (A lex an d ria  F o r e s try  C e n te r , R ap ides 
P a r i s h ,  L o u is ia n a , 196 9 .)
T able  15. Amount and p e rc e n t  o f  r a i n f a l l  i n  fo u r  w oodpecker c a v i t i e s  
a z im u th s  o f  83° ( 1 ) ,  173° ( 2 ) ,  263° ( 3 ) ,  and 353° (4 )
D ate
checked
R a in f a l l
( in c h e s )
Amount in c a v i t i e s
1 2 3 4
Ml % Ml % Ml % Ml %
1 2 /2 /6 8 3 .7 0 T 0 273 44 280 41 45 6
1 2 /1 3 /6 8 0 .9 1 0 0 11 7 128 76 16 8
1 2 /1 9 /6 8 .7 8 0 0 86 60 45 31 T 0
1 2 /2 3 /6 8 1 .9 2 0 0 60 19 68 19 30 7
1 2 /3 0 /6 8 .23 0 0 38 10 T 0 T 0
1 /6 /6 9 1 .2 4 0 0 30 14 40 17 T 0
2 /3 /6 9 1 .0 5 0 0 36 20 34 17 T 0
2 /1 7 /6 9 1 .9 0 0 0 138 43 32 9 10 2
2 /2 4 /6 9 2 .35 0 0 94 24 138 32 34 6
2 /2 8 /6 9 1 .0 0 0 0 32 19 46 25 12 5
3 /3 /6 9 .22 0 0 30 8t T 0 T 0
3 /6 /6 9 .81 T 0 26 19 40 26 6 3
3 /1 7 /6 9 4 .2 1 t ' 0 38 5 214 27 10 1
3 /2 5 /6 9 .53 T 0 68 77 74 75 T 0
— T = T race
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I t  was e v id e n t  t h a t  r a i n f a l l  g e ts  in to  some w oodpecker c a v i t i e s — 
c e r t a i n l y  th o s e  fa c in g  th e  d i r e c t i o n  o f  th e  p r e v a i l in g  r a in s to rm s .
Wood m ust have a b o u t 15 p e rc e n t  m o is tu re  c o n te n t  (based  on o v en -d ry  
w e ig h t) b e fo re  decay  can  b e g in ,  and 25 to  32 p e rc e n t  f o r  decay  o f  
consequence (Boyce 1961, p . 3 4 4 ). P ro b ab ly  am ple m o is tu re  to  cau se  
decay e n te r s  th e  c a v i t i e s ,  b u t th e  le n g th  o f  tim e th e  wood i s  m a in ta in ed  
a t  a h ig h  enough m o is tu re  c o n te n t  to  su p p o rt fu n g a l a c t i v i t y  i s  n o t 
known.
C o n c lu s io n s . - - O v e r a l l ,  th e r e  was l i t t l e  e v id en c e  to  su p p o rt th e  
c o n te n t io n  t h a t  w oodpecker h o le s  le a d  to .d e c a y ,  a t  l e a s t  o v er a  • 
r e l a t i v e l y  s h o r t  p e r io d  o f  tim e . The f a c t  t h a t  o n ly  AmbZyo&pOJtium 
and o th e r  s im i la r  fu n g i w ere found in  th e  c u l tu r e s  ta k e n  from th e  t e s t  
s e c t io n s  and from  th e  c a v i ty  c o l le c te d  in  th e  f i e l d  r e v e a l s  t h a t  
w o o d -d estro y in g  fu n g i m ig h t n o t  be  much o f  a  p rob lem  i n  u t i l i t y  p o le s  
i f  th e  p o le s  a r e  p ro p e r ly  t r e a t e d .  However, i f  u t i l i t y  com panies 
w anted f u r th e r  a s s u ra n c e  a g a in s t  d ecay , an  a p p l i c a t io n  o f  p e n ta c h lo ro -  
phenol to  c a v i t i e s  would s i g n i f i c a n t l y  red u ce  th e  p r o b a b i l i t y  o f  o c cu rren c e .
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PERSONAL OBSERVATIONS
T his s e c t io n  c o n ta in s  some o f  th e  g e n e ra l  In fo rm a tio n  I  accu m u la ted  
o v e r s e v e r a l  hundred  days in  th e  f i e l d .  The d a ta  a r e  n o t q u a n t i t a t i v e  
b u t  I  c o n s id e r  them to  b e  m ean in g fu l to  t h i s  s tu d y  and th ey  may b e  
h e lp f u l  in  th e  ev en t t h a t  t h i s  r e s e a r c h  i n i t i a t e s  f u tu r e  w ork .
P i l e a t e d  and R ed-headed W oodpeckers b o th  seem to  p r e f e r  some 
hardwood t r e e s  in  t h e i r  h a b i t a t ;  th e y  f r e q u e n t ly  n e s t  in  hardw oods and 
o b ta in  much o f  t h e i r  food from  them . P i l e a te d s  a r e  a lm o st e x c lu s iv e ly  
f o r e s t  b i r d s ,  m ost common n e a r  s tre a m  b o tto m s o r  in  b o tto m la n d  hardw oods. 
R ed-heads h av e  a  more d iv e r s e  h a b i t a t ;  th e y  te n d  tow ard  u p la n d s , a re  
f r e q u e n t  in  some mixed f a rm - a n d - f o re s t  s i t u a t i o n s ,  and o ccu r in  u rb an  
a re a s  w here hardwood t r e e s  a r e  a b u n d an t. N e i th e r  s p e c ie s  i s  much o f  a  
p rob lem  w here u t i l i t y  l i n e s  p a s s  th ro u g h  p u re  p in e  s ta n d s .  However, 
in  m ost o th e r  r u r a l  a re a s  w here P i l e a t e d s  and R ed-heads o c cu r th e y  w i l l  
l i k e l y  do some damage to  th e  p o le s .
In  some p a r t s  o f  th e  c o u n try  l a r g e  a c re a g e s  o f  b o tto m lan d s  have  b een  
c le a re d  f o r  a g r i c u l tu r e .  Where t h a t  h a s  b een  done th e  w oodpecker 
p roblem  was s o lv e d , f o r  th e r e  a r e  no po le -d am ag in g  w oodpeckers w here 
th e r e  a re  no t r e e s .  In  o th e r  p a r t s  damage can b e  e x p ec te d  to  f l u c t u a t e  
w ith  changes in  w oodpecker p o p u la t io n s  b ro u g h t abou t by e x te n s iv e  
changes in  h a b i t a t ,  f o r  exam ple, lo g g in g  o r  f lo o d in g .  B r i e f l y ,  th e  
c o n d it io n s  le a d in g  to  w oodpecker damage do n o t alw ays rem ain  s t a t i c  
w i th in  an a r e a .  There a r e  in s ta n c e s  w here m ost o f  th e  damage to  l i n e s
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o ccu rs  f a i r l y  soon a f t e r  th e y  a re  b u i l t  and nay b e  th e  r e s u l t  o f  new 
t e r r i t o r i e s  b e in g  c r e a te d  f o r  b i r d s  o r  o ld  ones b e in g  d is r u p te d .
However, on o th e r  l i n e s  damage seems to  in c r e a s e  w ith  an  a p p a re n t 
b u ild u p  i n  b i r d  p o p u la t io n s .  The ten d en cy  to  a t t a c k  (damage) p o le s  
does n o t seem to  b e  a  t r a i t  le a rn e d  by w oodpeckers i n  c e r t a i n  l o c a l i t i e s ,  
f o r  i f  o th e r  f a c to r s  o f  th e  env ironm ent a r e  e q u a l ,  th e  b i r d s  seem to  
have th e  same te n d e n c ie s  i r r e g a r d l e s s  o f  g e o g ra p h ic  l o c a t io n .
In  an e a r l i e r  s e c t io n  th e  d e le t e r i o u s  e f f e c t  o f  b i r d s ’ n e s t in g  
i n  p o le s  was m en tioned . I t  i s  p o s s ib le  t h a t  o ld  p o le s  a r e  o f  some 
b e n e f i t  to  b i r d s  b ecau se  p re d a t io n  o f  n e s t s  i n  p o le s  by  mammalian 
p re d a to r s  may b e  l e s s  th a n  in  n earb y  t r e e s .  A l o g i c a l  p r e d a to r ,  th e  
racco o n  (P tw c y o n  Z o to K ) , w ould l i k e l y  r a t h e r  c lim b  a  t r e e  th a n  a  p o le .
Rat sn ak es  (E i a p h z  s p p . ) ,  w hich a r e  o th e r  p o t e n t i a l  p r e d a to r s ,  su p p o sed ly  
a re  a l l e r g i c  to  even m inu te  q u a n t i t i e s  o f  c r e o s o te .  I n  50 o r  more 
n e s t s  o f  P i l e a te d s  and R ed-heads t h a t  I  k e p t u n d e r c lo s e  s c r u t in y  a t  
v a r io u s  tim e s  d u r in g  th e  s tu d y  I  n e v e r  found  an I n s ta n c e  o f  n e s t  
p r e d a t io n  in  p o le s .  I  do n o t know i f  t h i s  i s  a t y p i c a l  o r  n o t ,  s in c e  
o n ly  a  v e ry  few n e s t s  in  t r e e s  w ere s tu d ie d .  I  doubt t h a t  n e s t  p r e d a t io n  
would b e  common, how ever, r e g a r d le s s  o f  th e  l o c a t io n  o f  th e  n e s t s .  I  
have found a d u l t  w oodpeckers on a  n e s t  to  be  q u i t e  a g g re s s iv e  and i t  
i s  n o t a lw ays e a sy  to  d is lo d g e  one o f  th e  b i r d s  from  i t s  c a v i ty .
I  do n o t b e l ie v e  t h a t  p o le s  a r e  u sed  o n ly  by b i r d s  fo rc e d  from  more 
d e s i r a b le  n e s t in g  s i t e s .  P o le s  a re  one o f  th e  e a r l i e s t  s i t e s  ta k e n  f o r  
n e s t in g  i n  th e  s p r in g ,  w hich would i n d i c a t e  b i r d s  w ere a t t r a c t e d  r a th e r  
th a n  fo rc e d  to  them . The a t t r a c t i v e n e s s  f o r  p o le s  seems to  b e  v e ry  s t r o n g ,
b e c a u se  I  have  o b serv ed  num erous p a i r s  hav ing  u n s u c c e s s fu l  n e s t s  due 
to  th e  c re o s o te  in  th e  p o le s  make s e v e r a l  n e s t in g  a t te m p ts .  I  have  
a l s o  o b serv ed  c o m p e titio n  betw een  p a i r s  o f  R ed-heads f o r  p o le s ;  and 
I  h ave  o b se rv ed  c o m p e titio n  betw een  R ed-heads and P i l e a t e d s  w ith  
P i l e a te d s  alw ays r e t a i n i n g  th e  p o le s  o r  s u p p la n tin g  th e  R ed -h ead s .
In  re g a rd s  to  t e r r i t o r i a l i t y  I  made some p re l im in a ry  in v e s t i g a t i o n s  
o f  P i l e a te d s  i n  c e n t r a l  L o u is ia n a ; and a lth o u g h  th e  o b s e r v a t io n s  w ere 
to o  few f o r  v a l id  c o n c lu s io n s , I  have made c e r t a in  a s su m p tio n s . I f  
t e r r i t o r i e s  e x i s t  (u s in g  t e r r i t o r y  i n  i t s  s im p le s t  form — a  d e fen d ed  
a r e a ) , i t  i s  d i f f i c u l t  to  d e f in e  t h e i r  b o u n d a r ie s . P i l e a t e d s  can  
r e a d i ly  be o b serv ed  f ly in g  d is ta n c e s  o f  o n e -h a lf  m ile  o r  m o re , f l i g h t s  
c e r t a i n  to  ta k e  them  th ro u g h  t e r r i t o r i e s  o f  o th e rs  when d e n s i t i e s  a r e  
h ig h .  P erh ap s P i l e a te d s  do n o t  r e ly  on o v e r t  a g g re s s io n  to  c r e a t e  
sp ace  su rro u n d in g  a  b re e d in g  p a i r ;  in s te a d ,  c a l l s  m igh t b e  u se d  to  
f u l f i l l  t h a t  f u n c t io n .  When a  h ig h  i n t e n s i t y  kuk kuk kuk  kuk i s  g iv e n , 
w hich  i s  done q u i t e  f r e q u e n t ly ,  s e v e r a l  b i r d s  o f te n  r e p ly  from  g r e a t  
d i s t a n c e s ,  w hich e n a b le s  th e  o r i g i n a l  c a l l e r  to  know t h e i r  l o c a t i o n .
I n  summary, i f  P i l e a te d s  d e fen d  a  g iv en  a r e a ,  i t  i s  done i n  a  m anner 
c r e a t in g  l i t t l e  i n t e r a c t i o n  and a t t r a c t i n g  l i t t l e  a t t e n t i o n .
C o n tra r iw is e , R ed-heads can e a s i l y  be seen  and h e a rd  d e fe n d in g  
p a r t i c u l a r  a r e a s  d u r in g  th e  n e s t in g  seaso n  and a ls o  d u r in g  w in te r .
On th e  b a s i s  o f  o b s e rv a tio n s  I  made, n e s t in g  t e r r i t o r y  was v a r i a b l e  in  
s i z e .  One p a r t i c u l a r  u t i l i t y  l i n e  th rough  good w oodpecker h a b i t a t  
c o n ta in e d  n e s t i n g  R ed-heads on s e v e r a l  c o n se c u tiv e  p o le s .  I f  a  p o le  
was c o n s id e re d  th e  c e n t r a l  p o i n t ,  th o s e  t e r r i t o r i e s  w ere  a b o u t f i v e  
a c r e s  in  s i z e  b e ca u se  th e  p o le s  w ere ap p ro x im a te ly  0 .1  m ile  a p a r t .
Y et on o th e r  l i n e s  w here th e  p o p u la t io n  o f  b i r d s  nay have  b een  l e s s  
d en se , I  o b se rv e d  a  few p a i r s  u s in g  a r e a s  o v e r 10 a c r e s .  A lthough  a  
l im i te d  num ber o f  o b s e rv a tio n s  w ere m ade, I  am c e r t a in  t h a t  R ed-heads 
a re  t e r r i t o r i a l  d u r in g  th e  n e s t in g  s e a s o n . F u rth e rm o re , I  b e l i e v e  
th e  w in te r in g  t e r r i t o r i e s  o f  b i r d s  o b se rv ed  i n  c e n t r a l  L o u is ia n a  a r e  
c o n s id e ra b ly  l a r g e r  th a n  th o s e  o b se rv ed  by K ilham  (1 9 5 8 ).
The e f f e c t  o f  d i f f e r e n t  p r e s e r v a t iv e s  i n  re g a rd s  to  r e p e l l i n g  o r  
a t t r a c t i n g  w oodpeckers h as  been  d is c u s s e d  by  p e rso n n e l from  s e v e r a l  
u t i l i t y  com pan ies. Some e n g in e e rs  have to ld  me t h a t  p e n ta c h lo ro p h e n o l 
i s  q u i t e  r e p e l l i n g  to  th e  b i r d s .  The o p p o s ite  o p in io n  can a l s o  be  
found ; o th e r  e n g in e e rs  have t o l d  me t h a t  c re o so te d  p o le s  a r e  damaged 
l e s s  th a n  p o le s  t r e a t e d  w ith  p e n ta c h lo ro p h e n o l. I  d id  n o t  com pare 
damage to  a  w ide  v a r i e t y  o f  p r e s e r v a t iv e  t r e a tm e n ts  b e ca u se  f i e l d  
o b s e r v a t io n s  and d is c u s s io n s  w ith  u t i l i t y  company p e rs o n n e l l e d  me to  
b e l ie v e  su ch  a  s tu d y  would n o t  b e  m e a n in g fu l. A l l  p r e s e r v a t iv e  
t r e a tm e n ts  t h a t  I  o b se rv ed  o r  have  In fo rm a tio n  on a re  damaged by  
w oodpeckers. I t  sh o u ld  b e  remembered a l s o  t h a t  u t i l i t y  com panies w ant 
p o le s  t h a t  w i l l  en d u re  25 to  30 y e a r s  in  th e  g ro u n d , so more th a n  j u s t  
a  " b i r d - p r o o f "  p o le  m ust be  c o n s id e re d . Some tre a tm e n ts  p ro d u ce  
h a rd e r  p o le s ,  b u t  none seems to  p ro d u ce  p o le s  h a rd  enough to  d e t e r  
a t t a c k .  In c re a s e d  d e n s i f i c a t l o n  o f  wood a s  perfo rm ed  in  s m a l l - s c a le  
o p e ra t io n s  may b e  a d a p ta b le  to  la m in a te d  p o le s ,  b u t  as o f  now th e  
p r a c t i c e s  a r e  p r o h i b i t i v e  i n  c o s t .
I  was f o r tu n a t e  in  h a v in g  th e  S a l in e  W ild l i f e  Management A rea 
a v a i l a b le  f o r  t e s t s .  I t  i s  d i f f i c u l t  to  f in d  la r g e  a re a s  i n  w h ich  a  
r e s e a r c h e r  can  p la c e  a p p ro x im a te ly  200 p o le s  f o r  t e s t s .  A c o n s id e ra b le
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number o f  p o le s  o f  a  p a r t i c u l a r  t re a tm e n t a r e  n e c e s s a ry  to  e n su re  a d e q u a te  
e x p o su re , and hence  t e s t  p r e s s u r e ,  t o  w oodpeckers. Of c o u rse  th e  p o le s  
have to  be  d i s t r i b u t e d  o v e r  a  c o n s id e ra b le  d is ta n c e  so  t h a t  a  p a i r  o f  
b i r d s  can n o t e s t a b l i s h  a  t e r r i t o r y  s u f f i c i e n t  i n  s i z e  to  in c lu d e  more 
th a n  one o r  two p o le s .  I f  s e v e r a l  p o le s  w ere w i th in  a  p a i r ' s  t e r r i t o r y  
th e  b i r d s  would have  a  w ide c h o ice  o f  th e  tre a tm e n ts  w h ile  a t  th e  same 
tim e  n o t p e r m i t t in g  o th e r  b i r d s  to  t e s t  th e  t r e a tm e n ts .  The S a lin e  
W ild l i f e  Management A rea , b e c a u se  o f  i t s  h ig h  w oodpecker p o p u la t io n ,  
may have i n  f a c t  o f f e r e d  to o  h a rsh  a  t e s t  f o r  th e  tre a tm e n ts  exposed  in  
t h a t  a re a ;  how ever, t r e a tm e n ts  s u c c e s s f u l  th e r e  w ould p ro b a b ly  be  
s u c c e s s fu l  in  any l o c a l i t y .
The amount o f  money com panies a re  w i l l i n g  to  spend  on th e  c u r r e n t  
p r e v e n t iv e ,  h a rdw are  c l o t h ,  v a r i e s .  I n  some e a s i l y  a c c e s s ib l e ,  r e l a t i v e l y  
u n im p o rtan t d i s t r i b u t i o n  l i n e s ,  w rapp ing  th e  p o le s  i s  eco n o m ica lly  
u n j u s t i f i e d .  Im p o rta n t t ra n s m is s io n  l i n e s ,  many o f  w hich  can b e  re a ch e d  
o n ly  w ith  d i f f i c u l t y ,  r e q u i r e  g r e a t e r  c o n s id e r a t io n  and th e  expense  o f  
u s in g  h ardw are  c lo th  may b e  j u s t i f i e d .  The a lm o s t-b l in d  approach  o f  
w rapping  e v e ry  p o le  o f  a  l i n e  t r a v e r s in g  e x te n s iv e  d is ta n c e s  h as  le d  to  
u n n ecessa ry  e x p e n se , b e c a u se  p o t e n t i a l  p rob lem  a r e a s ,  and hence  damage, 
can b e  p r e d ic te d  f a i r l y  w e l l .
W ith c e r t a i n  r e s e r v a t io n s  th e  problem  may be one th a t  u t i l i t y  
com panies can t o l e r a t e .  G ro u n d -lin e  decay  seems to  b e  more o f  a  p rob lem  
th a n  decay a t  w oodpecker c a v i t i e s ,  and th e  e f f e c t  o f  w oodpecker damage 
on s t r e n g th  does n o t seem to  be  as a d v e rse  as  a n t i c ip a t e d .  G ran ted  t h a t  
m ost com panies ch an g e -o u t s e v e re ly  damaged p o le s  a s  soon a s  p o s s ib le ,  
y e t  numerous f i e l d  p e r s o n n e l  t h a t  I  have q u e r ie d  have been  u n ab le  to  
r e c a l l  a  u t i l i t y  p o le  a c t u a l l y  b re a k in g  a t  a  w oodpecker h o le  (F ig u re  2 6 ) .
I
F ig u re  26. S evere  damage does n o t  n e c e s s a r i ly  le a d  to  p o le  
f a i l u r e .  T h is p o le  s u rv iv e d  a t  l e a s t  7 y e a r s  in  
p ic tu re d  c o n d i t io n .  (N a tc h ito c h e s  P a r is h ,  L o u is i ­
a n a , 1 9 6 5 .)
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SUMMARY
V ario u s  t e s t s  w ere  co n d u c ted  co n ce rn in g  w oodpecker damage to  p o le s .  
Four s p e c ie s  o f  w oodpeckers I n f l i c t  p r a c t i c a l l y  a l l  th e  dam age. U t i l i t y  
l i n e s  In  th e  so u th e rn  and e a s t e r n  s t a t e s  a re  damaged b y 'P i l e a t e d  and 
R ed-headed W oodpeckers m o s tly  j u s t  p r i o r  to  th e  n e s t i n g  s e a so n  when 
c a v i t i e s  a re  e x ca v a ted  f o r  n e s t s .  Many c a v i t i e s  a re  a l s o  u sed  by  b i r d s  
a s  r o o s t s .  Most o f  th e  a t t a c k s  a re  I n i t i a t e d  a t  th o s e  p la c e s  on p o le s  
o v e r ly in g  I n t e r n a l  r i n g  sh a k e s . B u t 's h a k e - f r e e  p o le s  a r e  n o t  immune to  
a t t a c k .
R e p a ir in g  th e  dam age, t h a t  i s  f i l l i n g  th e  c a v i t i e s ,  i s  n o t  a  
s a t i s f a c t o r y  p r a c t i c e  i n  i t s e l f ;  i f  h o le s  a r e  f i l l e d  th e  r e p a i r e d  p o le s  
sh o u ld  a ls o  b e  w rapped w i th  hardw are  c l o t h ,  b u t  p o le s  w ith  damage sh o u ld  
n o t  b e  w rapped u n le s s  th e  damage i s  r e p a i r e d .  B ird s  a re  a b le  to  bend 
and b re a k  th e  w ire  o v e r  th o s e  s p o ts .
T e s ts  w ith  c o n fin e d  b i r d s  d id  n o t  p ro v id e  any le a d s  f o r  f i e l d  
e x p e r im e n ts . F ie ld  t e s t s  r e v e a le d  t h a t  th e re  i s  n o t  a  n a t u r a l  h a rd n e ss  
i n  p o le s  s u f f i c i e n t  to  th w a r t  w oodpeckers. C o a tin g s  and w rap p in g s  a r e  
e f f e c t i v e  when b i r d s  a r e  u n a b le  to  m a in ta in  th em se lv es  on th e  s u r f a c e s .  
However, d u r a b i l i t y  o f  th e  c o a tin g s  t e s t e d  was I n s u f f i c i e n t  f o r  
a c c e p ta n c e . Only one c o a t in g  and one w rapping  m a te r ia l  w ere  found  to  
b e  c o m p le te ly  e f f e c t i v e .
U t i l i t y  com panies sh o u ld  r e e v a lu a te  t h e i r  th in k in g  re g a rd in g  
w oodpecker damage and t h e i r  expense  o f  p re v e n tin g  i t .  S tre n g th  lo s s  
o f  damaged p o le s  does n o t  seem to  be n e a r  t h a t  a n t i c ip a te d ;  p o le s  
w ith  co m p le ted  c a v i t i e s  r e t a in e d  much o f  t h e i r  o r i g i n a l  s t r e n g th .
Decay i n  a s s o c i a t i o n  w ith  w oodpecker damage i s  n o t  a  p rob lem . R a i n f a l l  
e n te r s  th e  c a v i t i e s  b u t  c o n d i t io n s  a r e  e v id e n t ly  n o t s u i t a b l e  f o r  a  
lo n g  enough tim e  f o r  decay to  o c c u r .
I t  i s  l i k e l y  t h a t  many com panies w i l l  c o n tin u e  w rapping  ev ery  
p o le  o f  c e r t a i n  l i n e s  i r r e g a r d l e s s  o f  th e  t e r r a i n  th e  u t i l i t y  l i n e  
t r a v e r s e s .  H ardw are c lo th ,  b e c a u se  o f  i t s  h ig h  d eg ree  o f su cc e ss  and 
i t s  d e m o n s tra ted  d u r a b i l i t y ,  w i l l  p ro b a b ly  c o n tin u e  as  th e  a cc e p ted  
p re v e n t iv e .  To s u p p la n t i t ,  Vaughn B a r-B ird  S h ie ld s  o r  any o th e r  
m a te r ia l  w i l l  h ave  to  o f f e r  a d v a n ta g e s  in  c o s t ,  d u r a b i l i t y ,  e f f e c t iv e n e s s  
o r  e l e c t r i c a l  c o n d u c t iv i ty .
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T able  1 6 . Random assig n m en t o f  s h a k e , c o a t in g  and decoy t r e a tm e n ts
B lock  and
p o le  nuntoer__________________________T rea tm en t
B lock I
1212 No s h a k e -c o a t ln g -n o  decoy
1111 S h a k e -c o a tin g -d e c o y
1222 No sh ak e -n o  c o a tin g -n o  decoy
1121 Shake-no c o a tin g -d e c o y
1122 Shake-no c o a tin g -n o  decoy
1211 No sh a k e -c o a tin g -d e c o y
1112 S h a k e -c o a tin g -n o  decoy
1221 No sh ak e-n o  c o a tin g -d e c o y
B lock I I
2211 No sh a k e -c o a tin g -d e c o y
2122 Shake-no c o a tin g -n o  decoy
2221 No shak e-n o  c o a tin g -d e c o y
2212 No s h a k e -c o a t in g -n o  decoy
2111 S h a k e -c o a tin g -d e c o y
2222 No shak e-n o  c o a tin g -n o  decoy
2112 S h a k e -c o a tin g -n o  decoy
2121 Shake-no c o a tin g -d e c o y
B lock I I I
3211 No sh a k e -c o a tin g -d e c o y
3121 Shake-no c o a tin g -d e c o y
3221 No shak e-n o  c o a tin g -d e c o y
3222 No shak e-n o  c o a tin g -n o  decoy
3212 No s h a k e -c o a t in g -n o  decoy
3111 S h a k e -c o a tin g -d e c o y
3122 Shake-no c o a tin g -n o  decoy
3112 S h a k e -c o a tin g -n o  decoy
Block IV
4211 No sh a k e -c o a tin g -d e c o y
4112 S h a k e -c o a tin g -n o  decoy
4122 Shake-no c o a tin g -n o  decoy
4221 No shake-no  c o a tin g -d e c o y
4121 Shake-no  c o a tin g -d e c o y
4222 No sh ak e-n o  c o a tin g -n o  decoy
4111 S h a k e -c o a tin g -d e c o y
4212 No s h a k e -c o a t in g -n o  decoy
Table 16 (Continued)
B lock and  
p o le  num ber T rea tm en t
B lock V
5212 No s h a k e -c o a t in g -n o  decoy
5221 No sh ak e-n o  c o a tin g -d e c o y
5122 Shake-no c o a tin g -n o  decoy
5112 S h a k e -c o a tin g -n o  decoy
5222 No sh ak e-n o  c o a tin g -n o  decoy
5121 Shake-no c o a tin g -d e c o y
5111 \ i S h a k e -c o a tin g -d ec o y
5211 No s h a k e -c o a t in g -d e c o y .
B lock  VI
6122 Shake-no c o a tin g -n o  decoy
6211 No s h a k e -c o a tin g -d e c o y
6212 No s h a k e -c o a t in g -n o  decoy
6222 No sh ak e-n o  c o a tin g -n o  decoy
6112 S h a k e -c o a tin g -n o  decoy
6221 No sh ak e-n o  c o a tin g -d e c o y
6111 S h a k e -c o a tin g -d ec o y
6121 Shake-no c o a tin g -d e c o y
B lock V II
7122 Shake-no c o a tin g -n o  decoy
7212 No s h a k e -c o a t in g -n o  decoy
7211 No sh a k e -c o a tin g -d e c o y
7222 No sh ak e-n o  c o a tin g -n o  decoy
7221 No sh ak e-u o  c o a tin g -d e c o y
7112 S h a k e -c o a tin g -n o  decoy
7111 S h a k e -c o a tin g -d ec o y
7121 Shake-no c o a tin g -d e c o y
T ab le  17. Assignm ent o f  t r e a tm e n ts  on C e llo n  p o le s  In  E xperim ent D
B locks
T rea tm en ts I I I I I I IV V VI V II V III IX
— —----------- -------------- -----P o le  numbers
P o ly e s te r 1 12 19 35 37 48 62 64 74
K oppers ' 200 2 11 23 30 43 53 55 65 73
B a k e r 's  EC-167 3 10 20 33 40 52 56 66 76
B. F . G o o d rich 's  0500 4 13 25 34 42 49 61 63 75
B. F . G o o d rich 's  7802 5 18 22 36 38 51 60 70 72
F ib e rg la s s 6 15 21 28 44 47 59 67 71
W ey e rh aeu se r 's  W ey -fil 7 16 27 29 41 54 57 69 78
C o n tro l 8 17 26 31 45 50 58 68 77
L am inate 9 14 24 32 39 46
T ab le  18. A n a ly s is  o f  v a r ia n c e  o f w oodpecker dam age, e x p re ssed  a s
damage In d e x e s , on 56 c re o s o te d  p o le s
S ource o f 
v a r i a t i o n DF SS MS F
B locks 6 201 .72 33 .62 <1
T rea tm en ts 7 4 ,6 6 7 .4 1 666.77 5.33**
Shakes (S) 1 7 0 .8 8 70 .88 <1
C o atin g  (C) 1 3 ,1 3 5 .0 2 3 ,1 3 5 .0 2 25.04**
Decoy (D) 1 559 .45 559 .45 4 .4 7 *
S x  C 1 161 .15 161 .15 1 .2 9
S x  D 1 141 .44 141 .44 1 .1 3
C x  D 1 355 .01 355 .01 2 .8 4
S x  C x  D 1 244 .46 244 .46 1 .9 5
E r ro r 42 5 ,2 5 7 .7 1 125.18
T o ta l 55 1 0 ,1 2 6 .8 4
* S ig n i f i c a n t  a t  th e  5 p e rc e n t  l e v e l .
** Significant at the 1 percent level.
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T ab le  1 9 . A n a ly s is  o f  v a r ia n c e  o f  woodpecker damage to  56 c re o so te d  p o le s
Source o f  
v a r i a t i o n DF SS MS F
B locks 6 32 .71 5 .4 5 <1
T rea tm en ts 7 4 ,0 6 7 .1 2 "581 .01 18.06**
Shakes (S) 1 168.01 168 .01 5 .22*
W rapping (W) 1 3 ,1 3 5 .0 1 3 ,1 3 5 .0 1 97.48** -
Decoy (D) 1 196.87 196 .87 6 .12*
S x  W 1 161.12 161 .12 5.00*
S x  D 1 66 .46 66 .4 6 2 .0 6
W x  D 1 204.46 204 .46 6 .35*
S x  W x  D 1 135.19 135 .19 4 .20*
E r ro r 42 1 ,3 5 1 .0 1 3 2 .1 6
T o ta l 55 5 ,4 5 0 .8 4
* S ig n i f i c a n t  a t  th e  5 p e rc e n t  l e v e l .
** Significant at the 1 percent level.
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T a b le  20. A n a ly s is  o f  v a r ia n c e  o f  w oodpecker damage to  co a ted
C e llo n  p o le s
S ource  o f  
v a r i a t i o n DF SS MS F
B locks 8 2 ,7 5 5 .8 344 .5 1.27
T rea tm en ts 7 3 ,0 5 0 .4 4 3 5 .8 5 .01*
E r ro r 56 4 .8 7 1 .5 8 7 .0
T o ta l 71 1 0 ,6 7 7 .7
* S ig n i f i c a n t  a t  th e  5 p e rc e n t  l e v e l .
D uncan 's  M u lt ip le  Range T e s t—̂
T rea tm e n t: Wey- F ib e r -  P o ly -  EC- K oppers BFG- BFG-
f i l  g l a s s  e s t e r  167 C o n tro l 200 7802 0500
Mean: 2 .6 7  4 .5 6  5 .2 2  6 .0 0  11 .4 4  13 .89  17.89 21 .78
—̂ Any two means n o t  u n d e rsco re d  by th e  same l i n e  a r e  s i g n i f i c a n t l y  
d i f f e r e n t  a t  t h e  5 p e rc e n t  l e v e l .
T ab le  2l> L o c a tio n  and t r e a tm e n ts  In v o lv in g  la m in a te d  s e c t io n s
P o le  number T rea tm en t
B lock  I  (Along N olan  Bayou, L a S a lle  P a r i s h ,  L o u is ia n a )
1 Chem onlte
1-1
2 Dense b o a rd s
1-2




5 Epoxy and  ro c k s
1-5
6 12- in c h  s q u a re
1-6
7 C o n tro l
1 -7
8 A c ry l ic
1-8
9 V u lcan ized  f i b e r
1-9
10 S ou th  F lo r id a  s l a s h  p in e
1-10
B lock I I  (F ence l i n e  a lo n g  S a l in e  Bayou b e g in n in g  a t  
Duck S lo u g h , L a S a lle  P a r i s h ,  L o u is ia n a
11 C o n tro l
2-1
12 D ense b o a rd s
2-2






16 V u lcan ized  f i b e r
2-6
17 Epoxy and ro c k s
2-7
18 South  F lo r id a  s l a s h  p in e
2-8
19 A c ry l ic
2-9
20 P h en o l fo rm aldehyde
2-10
Table 21 (Continued)
P o le  number T rea tm en t
B lock I I I  (A long Muddy Bayou, s o u th  o f Road 73, 
s o u th  a c ro ss  P o n d e ro sa  R oad, th e n  s o u th  and e a s t  
tow ard  Jum ping Bayou, L a S a lle  P a r i s h ,  L o u is ia n a )
21 Epoxy and ro c k s
3 -1
22 C hem onlte
3-2




25 Dense b o a rd s
3-5
26 P h en o l fo rm aldehyde
3-6
27 1 2 - in c h  sq u a re
3 -7
28 S ou th  F lo r id a  s l a s h  p in e
3-8
29 V u lc an iz e d  f i b e r
3-9
30 C o n tro l
3-10
B lock IV ( In c lu d e d  In  d e s c r ip t i o n  o f  B lock  I I I )
31 A c ry l ic
4 -1
32 C o n tro l
4-2
33 South  F lo r id a  s l a s h  p in e
4 -3




36 P h en o l fo rm aldehyde
4-6
37 Dense b o a rd s
4-7
38 Epoxy and ro c k s
4-8





P o le number T rea tm en t
B lock V (E a s t  and so u th  s id e s  S ec . 1 6 , T .6  N .,
R .3i E . , L a S a lle  P a r i s h ,  L o u is ia n a )
41 • Epoxy and ro ck s
5 -1
42 Dense b o a rd s
5 -2




45 1 2 -in ch  sq u a re
5 -5
46 V u lcan ized  f i b e r
5 -6




49 South F lo r id a  s l a s h  p in e
5 -9
50 C o n tro l
5-10
B lock  VI (A long Hunt Road,, so u th  o f  i n t e r s e c t i o n  w ith
P o n d ero sa  Road, th e n  w est to  T ay lo r Bayou, 
L a S a lle  P a r i s h ,  L o u is ia n a )
51 A c ry lic
6-1
52 South F lo r id a  s l a s h  p in e
6-2




55 Epoxy and ro ck s
6 -5
56 C o n tro l
6-6
57 V u lcan ized  f i b e r
6 -7




60 Dense b o a rd s
6-10
Table 21 (Continued)
P o le number T reatm ent
B lock  V II (E a s t o f  Muddy Bayou a long  Hunt and
. P o n d ero sa  R oads, L a S a lle  P a r i s h ,  L o u is ia n a )
61
'








65 C o n tro l
7-5
66 V u lcan ized  f i b e r
7-6
67 Dense b o a rd s
7-7
68 Epoxy and ro c k s
7-8
69 P h en o l fo rm aldehyde
7-9
B lock  V I I I  (E a s t o f Muddy Bayou a lo n g  P on d ero sa  R oad,
L a S a lle P a r i s h ,  L o u is ia n a )
70 P heno l fo rm aldehyde
8-1
71 C o n tro l
8 -2
72 A c ry lic
8 -3








V u lcan ized  f i b e r
8-7
77 Epoxy and ro ck s
78
8-8
1 2 -in c h  sq u a re
8-9
T ab le  22 . A n a ly sis  o f  v a r ia n c e  o f  w oodpecker damage on f i l l e d  and
u n f i l l e d  p o le s
S ource  o f 
v a r i a t i o n DF SS MS F
B locks 7 425 .86 60 .84 <1
T rea tm en ts 1 90 .25 9 0 .25 1 .002
E r ro r 7 630 .29 90 .0 4
T o ta l 15 1 ,1 4 6 .4 0
T ab le  23. A n a ly s is  o f  v a r ia n c e  f o r  In c id e n c e  o f  fu n g i  In  24
t e s t  s e c t io n s
Source o f  
v a r i a t i o n DF SS MS F
T rea tm en ts 3 164.5 54.83 3.51*
50 ml v s .  100 ml H2 O 1 40.33 40.33 2.58
P en ta  w ith  50 ml H2 O 
v s .  p e n ta  w ith  100 ml
h2o 1 24.08 24.08 1.54
P e n ta  v s .  no p e n ta 1 100.04 100.04 6.40*
E rro r 20 312.5 15.62
T o ta l 23 477.0
* S ig n i f i c a n t  a t  th e  5 p e rc e n t  l e v e l .
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